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PROCEEDINGS. 


31  January,  18G7. 


The  Twentieth  Anniversary  Meeting  of  the  Members  was  held 
in  the  Lecture  Theatre  of  the  Midland  Institute,  Birmingham,  on 
Thursday,  31st  January,  1867  ;  John  Penn,  Esq.,  President,  in  the 
Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPORT  OF  THE  COUNCIL. 

1867. 

The  Council  have  great  pleasure,  on  this  occasion  of  the  Twentieth 
Anniversary  of  the  Institution,  in  congratulc^ting  the  Members  upon 
the  liighly  satisfactory  position  and  the  continued  progress  of  the 
Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December  1866  shows  a  balance  in  the  Treasurer's 
hands  of  £4152  2s.  Id.  after  the  payment  of  the  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked  the 
receipts  and  payments  of  the  Institution  for  the  last  year  1866,  and 
report  that  the  following  Balance  Sheet  rendered  by  the  Treasurer  is 
correct.      {See,  Balance  Sheet  appended.^ 

The  Council  report  with  great  satisfaction  the  large  increase  in 
the  number  of  Members  that  has  taken  place  during  the  year ;  the 
total  number  of  Members  of  all  classes  for  the  year  being  728,  of 
whom  2  are  Honorary  Life  Members,  37  are  Associates,  and  7  are 
Graduates,  being  an  effective  increase  of  ^Q  during  the  year. 
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The  following  deceases  of  Members  of  the  Institution  have 
occniTed  during  the  last  year  1866  : — 

John  Ashbury,    ....         Mancliester. 
Charles  Green,      ....     Birminghatn. 
Parkin  Jeffcock,         .         .         .         Derby. 
Joseph  Whitham,    ....     Leeds. 

The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Library  of  the  Institution  during  the  past  year  ; 
and  also  of  expressing  their  thanks  to  the  Donors  for  the  valuable 
and  acceptable  additions  they  have  presented.  The  Council  wish  to 
urge  on  the  attention  of  the  Members  the  important  advantage  of 
obtaining  a  good  collection  of  Engineering  Books,  Drawings,  and 
Models  or  Specimens  of  interest  in  the  Institution,  for  the  purpose  of 
reference  by  the  Members  personally  or  by  correspondence  ;  and  they 
trust  this  desirable  object  will  be  promoted  by  the  Members  generally, 
so  that  by  their  united  aid  it  may  be  efficiently  accomplished. 
Members  are  requested  to  present  copies  of  their  Works  to  the 
Library  of  the  Institution. 

LIST  OF  DONATIONS  TO  THE  LIBRARY. 
On  the  Strength,  of  Cast-iron  Pillars,  by  James  B.  Francis ;  from  the  author. 
Report  of  the  Mauritius  Inundation  Committee  ;  from  LIr.  James  R.  Mosse. 
Report  on  Bridle  Road  and  Passes  in  Canterbury  Province,  New  Zealand,  by 

Edward  Dobson  ;  from  the  author. 
Engineer's  Report  on  the  Leeds  Water  Supply,  by  Edward  Filliter ;  from  the 

author. 
Useful  Information  for  Engineers,  by  V/illiam  Fairbairn  ;  from  the  author. 
On  a  Balanced  Rudder  for  Screw  Steamer's,  by  W.  J.'  Macquorn  Rankine  ;  from 

the  author. 
On  the  most  Economical  Rates  of  Expansion  in  Steam  Engines,  do.  do. 

On  Saturated  Vapours,  do.  do. 

Synopsis  of  the  Described  Lepidoptera  of  North  America ;  fi*om  the  Smithsonian 

Institution,  Washington. 
Report  of  the  Smithsonian  Institution  for  1864 ;  from  the  Institution. 
Collection  of  Drawings  of  the  Ecole  Impcriale  des  Ponts  et  Chaussees,  Paris  ; 

from  the  Ecole. 
Proceedings  of  the  Institution  of  Civil  Engineers  ;  from  the  Institution. 
Proceedings  of  the  French  Institution  of  Civil  Engineers  ;  from  the  Institution. 
Bulletin  of  the  French  Society  for  the  Encoui-agement  of  National  Industry ; 

from  the  Society. 
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Transactions  of  tlio  North  of  England  Institute  of  Mining  Engineers  j  from  the 

Institute. 
Ecport  of  the  British  Association  for  the  Advancetnent  of  Science;    from  the 

Association. 
Proceedings  of  the  South  Wales  Institute  of  Engineers  ;  from  the  Institute. 
Transactions  of  the  Institution  of  Engineers  in  Scotland ;  from  the  Institution. 
Transactions  of  the  Society  of  Engineers;  from  the  Society. 
Memoirs  of  the  Literaiy  and  Philosophical  Society  of  Manchester ;   fi^om  the 

Society. 
Journal  of  the  Hannover  Architect  and  Engineers'  Society ;  from  the  Society, 
Journal  of  the  Royal  United 'Service  Institution  ;  from  the  Institution. 
Transactions  of  the  Royal  Scottish  Society  of  Arts ;  from  the  Society. 
Transactions  of  the  Dudley  and  Midland  Geological  and  Scientific  Society;  from 

the  Society. 
Reports  of   the  Manchester  Association    for   the   Prevention  of    Steam   Boiler 

Explosions  ;  from  the  Association. 
Reports  of  the  Midland  Steam  Boiler  Association;  from  the  Association. 
Report  of  the  British  Association  of  Gas  Managers;  from  the  Association. 
Catalogue  of  the  Manchester  Free  Reference  Library  ;  from  the  Library. 
Journal  of  the  Board  of  Arts  and  Manufactures  for  Upper  Canada;    from  the 

Board. 
Journal  of  the  Society  of  Arts  ;  from  the  Society. 
The  Engineer ;  from  the  Editor.  . 
Engineei'ing  ;  from  the  Editor. 
The  Mechanics'  Magazine ;  from  the  Editor. 
The  Civil  Engineer  and  Architect's  Journal  ;  from  the  Editor. 
The  London  Journal  of  Arts  ;  from  the  Editor. 
The  Artizan  Journal ;  from  the  Editor. 
The  Practical  Mechanic's  Journal ;  from  the  Editor. 
The  Mining  Journal  ;  from  the  Editor. 
The  Railway  Record  ;  from  the  Editor. 
The  Steam  Shipping  Journal  ;  from  the  Editor. 
Specimens  of   Corroded  Plates   from    Locomotive   Boilers ;    from   Mr.  William 

Kirtley. 
Specimens  of  Corroded  Plates  from  Stationary  Boilers ;   from  Mr.  Edward  B. 

Marten. 
Specimens  of  improved  Tool  and  Ilolder  for  turning  and  planing  ;  from  Mr.  W. 
Ford  Smith. 

The  Council  have  great  satisfaction  in  referring  to  the  number 
and   character  of  the   Papers   that  have  been   brought  before  the 
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meetings  during  the  past  year,  and  the  practical  value  and  interest  of 
the  communications  and  the  discussions  that  took  place  upon  them, 
which  form  a  valuable  addition  to  the  Proceedings  of  the  Institution. 
The  Council  request  the  special  attention  of  the  Members  to  the 
importance  of  their  aid  and  co-operation  in  carrying  out  the  objects  of 
the  Institution  and  maintaining  its  advanced  position,  by  contributing 
papers  on  Engineering  subjects  that  have  come  under  their 
observation,  and  communicating  the  particulars  and  results  of 
executed  works  and  practical  experiments  that  may  be  serviceable 
and  interesting  to  the  Members  ;  and  they  invite  communications 
upon  the  subjects  in  the  list  appended  and  other  subjects  advantageous 
to  the  Institution. 

The  following  Papers  have  been  read  at  the  Meetings  during  the 
last  year : — 

Description  of  an  improved  Chronometric  Governor  for  Steam  Engines  &c. ;  by 

Mr.  C.  William  Siemens,  of  London. 
On  an   improved   construction  of   Wrought-Iron   Turntable  j    by  Mr.  William 

Baines,  of  Soho. 
On  tlie  Corrosion  of  Locomotive  Boilers,  and  the  means  of  Prevention ;  by  Mr. 

William  Kirtley,  of  Derby.  . 

On  an  improved  construction  of  Lock  and  Key ;    by  Mr.  J.  Beverley  Penby, 

of  Birmingham. 
On  the  Proof  of  Guns  by  Measurement,  with  description  of  the  Instrument 

employed  ;  by  the  President. 
Description  of  an  improved  Reversing  Rolling  Mill ;  by  Mr.  John  Ramsbottom, 

of  Crewe. 
On  Steam  Boiler  Explosions  and  their  records,  and  on  Inspection  as  a  means  of 

Prevention ;  by  Mr.  Edward  B.  Marten,  of  Stourbridge. 
Description  of  the  Removing  and  Replacing  of  the  Iron  Columns  in  a  Cotton 

Mill ;  by  Mr.  William  Fairbairn,  of  Manchester. 
On  an  improved  mode  of  Manufacture  of  Steel  Tyres ;  by  Mr.  John  Ramsbottom, 

of  Crewe. 
On  Machinery  for  the  Preparing  and  Spinning  of  Cotton  ;  by  Mr.  John  Piatt,  of 

Oldham. 
Description  of  the  Manchester  Water  Works ;  by  Mr.  John  Frederic  Bateman,  of 

London. 
On  Sellers'  Self- Adjusting  Injector,  and  other  improvements  on  Giffard's  Injector; 

by  Mr.  John  Robinson,  of  Manchester. 
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Description  of  a  Ciu-viliuoar  Sliapiug  Machine  ;    by  Mi-.  Francis  W.  Webb,  of 

Bolton. 
On  an  improved  Tool  and   Ilcjklor  for  turning  and  planing  ;    by  Mr,  W.  Ford 

Smith,  of  Manchester. 

The  Coimcil  have  particular  pleasure  in  referring  to  the  great 
success  and  interest  of  the  Annual  Meeting  of  the  Institution  that 
was  held  in  Manchester  last  summer,  and  in  expressing  their  special 
thanks  to  the  authorities  of  the  Mechanics'  Institution,  Mr.  Charles 
P.  Stewart,  and  the  other  local  Members,  for  the  very  excellent 
arrangements  and  the  handsome  reception  given  to  the  Members  on 
the  occasion  ;  and  also  their  thanks  to  the  railway  authorities  for  the 
special  arrangements  granted  for  the  excursions  ;  and  to  the  proprietors 
of  the  works  that  were  so  liberally  thro\\Ti  open  to  the  inspection  of 
the  Members,  for  the  valuable  opportunity  afforded  to  the  Members 
for  seeing  their  works.  The  Council  refer  particularly  to  the  great 
advantage  afforded  to  the  Members  in  the  admirable  opportunity 
provided  them  for  visiting  the  Crewe  Steel  Works,  the  Cotton 
Machinery  Works  and  Cotton  MiUs,  and  the  Locomotive  and  Railway 
Carriage  Works ;  and  they  offer  their  special  acknowledgments 
to  the  President,  Mr.  Whitworth,  for  the  great  pleasure  afforded  to 
the  Members  by  their  visit  to  his  Works,  and  by  his  exceedingly  kind 
and  hospitable  reception  of  them  at  his  residence  at  Stancliffe  Hall. 
The  Council  look  forward  with  confidence  to  the  important  advantages 
arising  from  the  continuance  of  these  Annual  Meetings  in  different 
localities,  from  the  facilities  afforded  by  them  for  the  personal 
communication  of  the  Members  in  different  districts,  and  from  the 
opportunities  of  visiting  the  important  Engineering  Works  that  are 
so  liberally  thrown  open  to  their  inspection  on  those  occasions. 

The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Council  in  rotation,  go  out  of  office  this  day,  according  to  the  rules 
of  the  Institution ;  and  the  ballot  will  be  taken  at  the  present  Meeting 
for  the  election  of  the  Officers  and  Council  for  the  ensuing  year. 
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SxEAii  Engine  Boilers,  particulars  of  construction — form  and  extent  of  beating 
surface — relative  value  of  radiant  surf\ice  and  flue  surface  in  effect  and 
economy — cost — consumption  of  fuel — evaporation  of  water — pressure  of 
steam — density  and  heat  of  steam — superheated  steam,  simple  or  mixed  with 
common  steam — pressure  gauges — safety  valves — water  gauges — explosion 
of  boilers,  and  means  of  prevention — effects  of  heat  on  the  metal  of  boilers, 
low-pressure  and  high-pressure — steel  boilers — cast-iron  boilers — welded 
boilers — incrustation  of  boilers,  and  means  of  prevention — corrosion  of 
boilers,  and  means  of  prevention — effects  of  suj-face  condensers  on  the 
metal  of  boilers — evaporative  power  and  economy  of  different  kinds  of 
fuel,  coal,  wood,  charcoal,  peat,  patent  coal,  and  coke — moveable  grates, 
and  smoke-consuming  apparatus,  facts  to  show  the  best  plan,  and  results 
of  working — plans  for  heating  feed  water — mode  of  feeding — use  of 
injector — cii'culation  of  water. 

Steam  Engines — expansive  force  of  steam,  and  best  means  of  using  it — power 
obtained  by  various  plans — comparison  of  double  and  single  cylinder 
engines — combined  engines — compound  cylinder  engines — comparative 
advantages  of  direct-acting  and  beam  engines — engines  for  manufacturing 
purposes — horizontal  and  vertical— condensing  and  non-condensing — 
injection  and  surface  condensers — air  pumps — governors — valves — bearings, 
&c. — improved  expansion  gear — indicator  diagrams  from  engines,  with 
details  of  useful  effect,  consumption  of  fuel,  &c, — contributions  of  indicator 
diagrams  for  reference  in  the  Institution. 

Pumping  Engines,  particulars  of  various  constriictions — Cornish  engines,  beam 
engines  with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — pressure  upon  pump — 
effective  horse  power  and  duty — comparison  of  double-acting  and  single-acting 
pumping  engines — construction  of  pumps — plunger  pumps — bucket  pumps 
— particular  details  of  different  valves — india-rubber  valves,  durability  and 
results  of  working — diagrams  of  lift  of  valves — application  of  pumps — fen- 
draining  engines — comparative  advantages  of  scoop  wheels  and  centrifugal 
pumps,  lifting  trough,  &c. — details  of  pit  work  of  pumping  engines  at  mines. 

Blast  Engines,  best  kind  of  engine — size  of  steam  cylinder,  strokes  per  minute, 
and  horse  power — details  of  boilers — size  of  blowing  cylinder,  and  strokes  per 
minute — pressure  of  blast,  and  means  of  regulation — construction  of  valves 
— improvements  in  blast  cylinders — rotary  blowing  machines — indicator 
diagiams  from  air  main  and  steam  cylinder. 
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Marine  Engines,  power  of  eugines  iu  pi'oportion  to  tonnage — different  con- 
structions of  engines,  double  cylinder  engines,  ti'uuk  engines — three-cylinder 
engines — use  of  steaiu  jackets — dynamical  effect  compared  with  indicator 
diagrams — compai'ative  economy  and  durability  of  different  boilers,  tubular 
boilers,  flat-flue  boilers,  &c. — brine  pumps,  and  means  of  preventing  deposit 
— salinometers — weight  of  machinery  and  boilers — kind  of  paddle  wheels 
— speed  obtained  in  British  war  steamers,  in  British  merchant  steamers,  and 
in  Foreign  ditto,  with  particulars  of  the  construction  of  engines  with  paddle 
wheels,  &c. — screw  propellers,  particulars  of  different  kinds,  improvements 
in  form  and  position,  number  of  arms,  material,  means  for  unshipping, 
bearings,  horse  power  applied,  speed  obtained,  section  of  vessel — governors 
and  storm  governors. 

Rotary  Engines,  particulars  of  construction  and  practical  application — details 
of  results  of  working. 

Locomotive  Engines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working — consumption  of  fuel — relative  value  and  evaporative 
duty  of  coke  and  coal — consumption  of  smoke — use  of  wood  and  construc- 
tion of  spark  arresters — heating  surface,  length  and  diameter  of  tubes — 
material  of  tubes — experiments  on  size  of  tubes  and  blast  pipe — construction 
of  pistons,  valve  gear,  expansion  gear,  &c. — indicator  diagrams — expenses 
of  working  and  repairs — means  of  supplying  water  to  tenders — locomotives 
for  steep  gradients  and  sharp  curves — distribution  of  weight  on  wheels. 

Agricultural  Engines,  details  of  construction  and  results  of  working — duty 
obtained — application  of  machinery  and  steam  power  to  agricultural 
purposes — barn  machinery — field  implements — traction  engines,  particulars 
of  performance  and  cost  of  work  done. 

Caloric  Engines — engines  worked  by  gas,  or  explosive  compounds — electro- 
magnetic  engines—  particulars  and  results. 

Hydraulic  Engines,  particulars  of  application  and  working— pressure  of 
water — construction  and  arrangement  of  valves,  relief  valves — construction 
of  joints — hydraulic  rams. 

Water  Wheels,  particulars  of  construction  and  dimensions  — form  and  depth  of 
buckets — head  of  water,  velocity,  percentage  of  power  obtained — turbines, 
construction  and  practical  application,  power  obtained,  comparative  effect 
and  economy — transmission  of  power  to  distant  points. 

Wind  Mills,  particulars  of  construction — number  of  sails,  surface  and  form 
of  sails — velocity,  and  power  obtained — average  number  of  days'  work  per 
annum. 

Corn  Mills,  particulars  of  improvements  — power  employed — application  of 
steam  power — results  of  woi-king  with  an  air  blast  and  ring  stones — 
crushing  l)y  rolls  before  grinding — advantages  of  regularity  of  motion. 
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Sugar  Mills,  particulars  of  construction  and  working — results  of  application 
of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 
for  extracting  the  last  portion  of  saccharine  matter — construction  and 
working  of  evaporating  pans. 

Oil  Mills,  facts  relating  to  construction  and  working,  by  stampers,  by  screw 
presses,  and  by  hydraulic  presses — particulars  of  crushing  rollers  and  edge 
stones. 

Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 
machinery — power  employed,  and  application  of  power — cotton  presses, 
mode  of  construction  and  working,  power  employed — improvements  in 
spinning,  carding,  and  winding  machinery,  &c. 

Calico-Printing  and  Bleaching  Machinery,  particulars  of  improvements. 

Wool  Machinery,  carding,  combing,  roving,  spinning,  &c. 

Flax  Machinery,  manufacture  of  flax,  china  grass,  and  other  fibrous  materials, 
both  in  the  natural  length  of  staple  and  when  cut. 

Rope-Making  Machinery — hemp  and  wire  ropes,  comparative  strength, 
durability,  and  cost — steel  wire  ropes — transmission  of  power  by  ropes, 
percentage  of  loss,  distance,  wear  of  ropes,  &c. 

Saw  Mills,  particulars  of  construction — mode  of  driving — power  employed — 
particulars  of  work  done — best  speeds  for  vertical  and  circular  saws — form 
of  saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws — endlesa 
band  saws. 

Wood-Working  Machines,  morticing,  planing,  rounding,  and  surfacing — 
copying  machinery. 

Glass  Machinery— manufacture  of  plate  and  sheet  glass — construction  of 
heating  furnaces,  annealing  kilns,  &c. — grinding  and  polishing  machinery. 

Lathes,  Planing,  Boring,  Drilling,  Slotting,  and  Shaping  Machines,  &c., 
particulars  of  improvements — description  of  new  self-acting  tools — 
engineers'  tools — files  and  file-cutting  machinery. 

Rolling  Mills,  improvements  in  machinery  for  making  iron  and  steel — mode 
of  applying  power — use  of  steam  hammers — piling  of  iron — plates — 
fancy  sections — arrangement  and  speed  of  rolls — length  of  bar  rolled — 
manufacture  of  rolled  girders — rolling  of  armour  plates — reversing  rolls. 

Steam  Hammers,  improvements  in  construction  and  application — friction 
hammers — air  hammers. 

Rivetting,  Punching,  and  Shearing  Machines,  worked  by  steam  or  hydraulic 
pressure — direct-acting  and  lever  machines — portable  machines — compara- 
tive strength  of  drilled  and  punched  plates — rivet-making  machines. 

Stamping  and  Coining  Machinery,  particulars  of  improvements,  &c. 

Locks,  and  lock-making  machinery — iron  safes. 

Paper-Making  and  Paper-Cutting  Machines,  new  materials  and  results. 
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Printing  Machines,  particulars  of  improvements,  &c. — machines  for  printing 

from  engraved  surfaces — typo  composing  and  distributing  machines. 
Water  Pumps,  facts  reUxting  to  the  best  construction,  means  of  working,  and 

application — velocity  of  piston — construction,  lift,  and  area  of  valves. 
Air    Pumps,  facts  relating  to  the  best   construction,  means  of  working,  and 

application — velocity  of  piston — construction,  lift,  and  area  of  valves. 
Hydraulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

and  application — economical  limit  of  pressure. 

EOTARY    AND    CENTRIFUGAL    PUMPS,  dittO  dittO  dittO. 

Fire  Engines,  hand  and  steam,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  hydraulic  power,  ditto. 

Cranes,  steam  cranes,  hydraulic  cranes,  pneumatic  cranes,  travelling  cranes. 

Lifts  for  raising  railway  wagons — hoists  for  warehouses — safety  apparatus. 

Toothed  Wheels,  best  construction  and  forna  of  teeth — results  of  working — 
power  transmitted — method  of  moulding — strength  of  iron  and  wood 
teeth. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  gutta-percha, 
vulcanised  india-rubber,  rope,  wire,  chain,  &c. — comparative  durability, 
and  results  of  working — power  communicated  by  certain  sizes — frictional 
gearing,  construction  and  driving  power  obtained — friction  clutches — 
shafting  and  couplings. 

Dynamometers^  construction,  application,  and  results  of  working. 

Decimal  Measurement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work — drawing  and  construction  of  machinery, 
manufactures,  &c. — construction  of  measuring  instruments,  gauges,  &c. 

Strength  of  Materials,  facts  relating  to  experiments,  and  general  details  of 
the  proof  of  girders,  &c. — girders  of  cast  and  wrought  iron,  particulars 
of  different  constnictions,  and  experiments  on  them — rolled  girders — best 
forms  and  proportions  of  girders  for  different  purposes — best  mixture  of 
metal — mixtures  of  wrought  iron  with  cast. 

Durability  of  Timber  of  various  kinds — best  plans  for  seasoning  and  pre- 
serving timber  and  cordage — results  of  vai-ious  processes— comparative 
durability  of  timber  in  different  situations — experiments  on  actual  strength 
of  timber. 

Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &c. — 
facts  relating  to  corrosion,  and  best  means  of  prevention — means  of  keeping 
ships'  bottoms  clean — galvanic  action,  nature,  and  preventives. 

Alloys  of  Metals,  facts  relating  to  different  alloys. 

Friciion  of  Various  Bodies,  facts  relating  to  friction  under  ordinary  circum- 
stances— facts  on  increase  of  friction  by  reduction  of  surface  in  contact — 
friction  of  iron,   brass,   copper,   tin,   wood,   &c. — proportion   of  weight   to 
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rubbing  surface— best  forms  of  journals,  and  construction  of  axleboxes — 
wood  bearings — water  axleboxes — lubrication,  best  materials,  means  of 
application,  and  results  of  practical  trials — best  plans  for  oil  tests — friction 
breaks. 
Iron  Roofs,  particulars  of  construction  for  different  purposes — durability  in 
various  climates  and  situations — comparative  cost,  weight,  and  durability — ^ 
roofs  for  slips  of  cast-iron,  wrought-iron,  timber,  &c. — best  construction, 
form,  and  materials — details  of  large  roofs,  and  cost. 

FiRE-PROOF  Buildings,  particulars  of  construction — most  efficient  plan — results 
of  trials. 

Chimney  Stacks  of  large  size — particulars,  form,  mode  of  building,  cheapest 
construction,  &c. — force  of  draught,  and  temperature  of  current. 

Bricks,  manufacture,  durability,  and  strength — hollow  bricks,  fire  bricks,  and 
fire  clay — perforated  bricks,  cost  of  manufacture,  and  advantages — dry-clay 
bricks — machines  for  brick  making — ^burning  of  bricks. 

Gas  Works,  best  form,  size,  and  material  for  retorts — construction  of  retort 
ovens — quantity  and  quality  of  gas  from  different  coals — oil  gas,  cheapest 
mode  of  making — water  gas,  &c. — improvements  in  purifiers,  condensers, 
and  gasholders — wet  and  dry  gas  meters — self-regulating  meters — pressure 
of  gas,  gas  exhauster — gas  pipes,  strength  and  durability,  and  construction 
of  joints — proportionate  diameter  and  length  of  gas  mains,  and  velocity, 
of  the  passage  of  gas — experiments  on  ditto,  and  on  the  friction  of  gas 
in  mains,  and  loss  of  pressure — lighting  railway  trains  with  gas. 

Water  Works,  facts  relating  to  water  works — application  of  power,  and 
economy  of  working — proportionate  diameter  and  length  of  pipes  — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  coxistruction  of  joints — penetration 
of  frost  in  different  climates — relative  advantages  of  stand  pipes  and  air 
vessels — sluices  and  self-acting  valves — machinery  for  working  sluices — 
water  meters,  construction  and  working. 

Well  Sinking  and  Artesian  Wells,  facts  relating  to — boring  tools, 
construction  and  mode  of  using. 

Tunnelling  Machines,  particulars  of  construction,  and  results  of  working. 

Coffer  Dams  and  Piling,  facts  relating  to  construction — cast-iron  sheet  piling. 

Piers,  fixed  and  floating,  and  pontoons,  ditto  ditto. 

Pile  Driving  Apparatus,  particulars  of  improvements — use  of  steam  power — 
particulars  of  working — weight  of  ram  and  height  of  fall,  total  number  of 
blows  required — vacuum  piles — compressed  air  system — screw  piles. 

Dredging  Machines,  particulars  of  improvements — application  of  dredging 
machines — power  required  and  work  done. 

Diving  Bells  and  Diving  Dresses,  facts  isolating  to  the  best  construction. 
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Lighthouses,  cast-ii'oii  and  wroughfc-iron,  ditto  ditto. 

Ships,  iron  and  wood — details  of  construction — linos,  tonnage,  cost  per  ton — 
water  ballast — steel  masts  and  yards,  and  wire-rope  rigging— comparative 
strength  and  advantage  of  iron  and  Avood  ships — arrangements  for  docking 
and  repairing  ships. 

Gins,  cast-iron,  wrought-iron,  and  steel  —  manufacture  and  proof — rifling  — 
manufacture  of  shot  and  shells. 

3I1MXG  Oi'EiJATioxs,  facts  relating  to  mining — modes  of  working  and  propor- 
tiouate  yield — coal-cutting  machines — means  of  ventilating  mines — use  of 
ventilating  machinery — safety  lamps — lighting  mines  by  gas — drainage  of 
mines — sinking  pits — mode  of  raising  materials — safety  guides — Aviuding 
machinery — undergronud  conveyance — stone-breaking  machines — mode  of 
breaking,  pulverising,  and  sifting  various  descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally — use  of 
gun-cotton,  &c. — effects  produced  by  large  and  small  charges  of  powdoi' — 
arrangement  of  charges. 

Blast  Furnaces,  shape  and  size — consumption  of  fuel — burden,  make,  and 
quality  of  metal — pressui^e  of  blast — horse  power  required — economy  of 
working — improvements  in  manufacture  of  iron  — comparative  results  of  hot 
and  cold  blast — increased  temperature  of  blast — construction  and  working 
of  hot-blast  ovens — pyrometers — construction  of  tuyeres  —  means  and 
results  of  application  of  waste  gas  from  close-topped  and  open-topped 
furnaces — preparation  of  materials  for  furnace  and  mode  of  charging. 

Puddling  Furnacks,  best  forms  and  construction — worked  with  coal,  char- 
coal, &c. — application  of  machinery  to  puddling. 

Heating  Furnaces,  best  construction— consumption  of  fuel,  and  heat  obtained. 

Converting  Furnaces,  construction  of  furnaces — manufacture  of  steel — 
casehardening,  &c. — converting  materials  employed. 

Smiths'  Forges,  best  construction — size  and  material — power  of  blast — hot 
blast,  &c. — consti-uction  of  tuyeres. 

Smiths'  Fans  and  Fans  generally,  best  consti'uction,  form  of  blades,  &c. — facts 
relating  to  power  employed  and  percentage  of  effect  produced — pressure  and 
quantity  of  air  discharged — size  and  construction  of  air  mains — mechanical 
ventilation  and  warming  of  public  buildings. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction 
of  ovens,  &c. — open  coking,  mixtures  of  coal  slack  and  other  materials — 
evaporative  power  of  different  varieties — peat,  manufacture  of  compressed 
peat. 

Railways,  construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture — mode  of  testing  rails — experiments  on  rails,  deflection, 
deterioration,  and  comparative  durability — material  and  form  of  sleepers. 
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size,,  and  distances — improvements  in  chairs,  keys,  and  joint  fastening's — 

permanent  way  for  hot  climates. 
Switches  and  Crossings,  particulars  of  improvements,  and  results  of  working. 
Turntables,  particulars  of   various    constructions   and  improvements — engine 

turntables. 
Signals  for  stations  and  trains,  and  self-acting  signals. 
Electric    Telegkaphs,  improvements  in  construction  and  insulation — coating 

of    wires — underground    and    submarine    cables — mode    of    laying,    and 

machinery  employed. 
Kailway  Carriages  and  Wagons,  details  of  construction — proportion  of  dead 

weight. 
Breaks   for    carriages    and    wagons,   best    construction— self-acting   breaks — 

continuous  breaks. 
Buffers  for  carriages,    &c.,  and   station   buffers — different   constructions   and 

materials. 
Couplings  for  carriages  and  wagons — safety  couplings. 
Springs  for  carriages,  &c. — bufl&ng,   bearing,    and    draw   springs — range,  and 

deflection  per  ton — particulars  of  different  constructions  and  materials,  and 

results  of  working. 
Railway  Wheels,  wrought-iron,    cast-iron,  and  wood — particulars  of  different 

constructions,  and  results  of  working — comparative  expense  and  durability 

— wrought-iron  and  steel  tyres,  comparative  economy  and  results  of  working 

— mode  of  fixing  tyres — manufacture  of  weldless  tyres,  and  solid  wrought- 
iron  wheels. 
Railavay  Axles,  best  description,  form,  material,  and  mode  of  manufacture. 


The  Papers  are  to  be  written  in  the  third  person,  on  foolscap  paper,  on  one 
side  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left  side. 
In  the  subjects  of  the  papers,  extracts  from  printed  publications  and  questions  of 
patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  paper.  Enlarged  details 
to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full  size  or 
magnified,  with  the  different  parts  strongly  coloured  in  distinctive  colours. 
Several  explanatory  diagrams  drawn  roughly  to  a  large  scale  in  dark  pencil  lines 
a7id  strongly  coloured  ai-e  preferable  to  a  few  small-scale  finished  drawings. 
Tlie  scale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIRS 

OF    MEMBERS    DECEASED    IN    1866. 


John  Ashbury  was  born  on  31st  January  1806,  and  resided  witli 
his  uncle  at  Winton  near  Manchester,  until  he  was  about  nineteen 
years  of  age,  when  he  bound  himself  apprentice  to  a  wheelwright  in 
Manchester.  His  energy  and  industry  soon  obtained  for  him  the 
position  of  a  first-class  workman  both  in  wood  and  iron.  About 
1840  he  began  business  in  a  small  way  in  Manchester  as  a 
wheelwright ;  and  having  been  entrusted  with  the  building  of  a  few 
coal  wagons  for  the  Manchester  and  Leeds  Railway,  he  subsequently 
entered  upon  the  building  of  railway  wagons,  and  in  1847 
commenced  the  large  works  at  Openshaw  near  Manchester  for 
building  railway  carriages  and  wagons.  A  forge,  rolhng  mill,  and 
puddhng  furnaces  were  afterwards  added,  for  making  iron  and  for 
the  manufacture  of  general  railway  plant.  The  works  became 
ultimately  so  extensive  and  complete  that  in  1862  a  railway  goods 
wagon  was  entirely  constructed  in  a  single  day  for  the  Internationa] 
Exhibition  (with  the  exception  only  of  the  steel  springs),  the  timber 
work  being  cut  from  the  log  and  the  whole  of  the  ironwork  made 
from  the  pig  iron ;  the  work  was  commenced  at  6  a.m.,  and  the 
wagon  was  finished,  loaded  with  goods,  and  sent  away  to  London 
at  7  p.m.  the  same  day.  The  works  were  disposed  of  to  a  Limited 
Liability  Company  in  the  year  1862.  Mr.  Ashbury  died  at  his 
residence  in  London  on  2nd  September  1866  at  the  age  of  sixty, 
after  a  short  ilhiess.  He  was  a  Member  of  this  Institution 
from  1848. 

Charles  Green  was  born  at  Birmingham  in  1798,  and  having 
served  his  apprenticeship  to  the  jewellery  and  gold  and  silver  plating 
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business  he  afterwards  carried  on  that  business  for  some  years, 
during  which  time  he  invented  the  sohd-drawn  gold  "  key-pipe  " 
for  watch  keys,  by  drawing  a  weldless  or  sohd  tube  out  of  a  flat 
circular  disc  of  gold  :  these  key-pipes  having  previously  been  made 
by  drawing  a  tube  out  of  a  narrow  flat  strip  of  metal,  which  then 
required  soldering  along  the  whole  length  of  the  joint,  the  soldering 
process  occupying  a  much  longer  time  than  the  drawing  of  the  tube. 
After  trying  experiments  with  other  metals,  he  succeeded  in  effecting 
the  drawing  of  solid  brass  tubes  for  locomotive  and  marine  boilers  ; 
and  in  1841  he  started  works  in  Birmingham  for  the  manufacture 
of  the  sohd-dra^vn  brass  boiler  tubes,  which  ultimately  came  into 
general  use  in  place  of  the  previous  brazed  tubes.  He  was  elected 
a  Member  of  this  Institution  in  1848,  and  died  at  Birmingham  on 
25th  March  1866  in  the  sixty-eighth  year  of  his  age. 

Parkin  Jeffcock  was  born  on  27th  October  1829  at  Cowley 
Manor  near  Sheffield ;  and  in  1850  was  articled  to  Mr.  George 
Hunter  at  Behnont  near  Durham,  to  learn  the  profession  of 
colliery  ^dewer,  and  afterwards  to  Mr.  J.  T.  Woodhouse  at  Moira  in 
Leicestershire,  \\dth  whom  he  subsequently  entered  into  partnership 
at  Derby  in  1857  as  a  mining  engineer.  In  this  capacity  he  was 
professionally  concerned  with  many  important  collieries  in  the 
midland  counties  and  in  the  South  Yorkshire  coalfield,  with  which  he 
thereby  became  iutimately  acquainted.  His  death  occurred  on  13th 
December  1866  in  the  explosion  at  the  Oaks  ColHery  near  Barnsley, 
one  of  the  collieries  under  his  charge.  A  great  explosion  having 
taken  place  at  this  colliery  on  the  previous  day,  causing  very  serious 
loss  of  life,  Mr.  Jeffcock  had  descended  with  others  for  the  purpose 
of  endeavouring  to  recover  the  bodies  of  the  dead,  and  to  arrange 
for  restoring  the  ventilation  of  the  mine  ;  but  a  second  and  third 
explosion  following  shortly  after  then"  descent,  they  themselves  lost 
their  lives  in  the  attempt.  The  fiery  nature  of  the  Barnsley  Thick 
coal,  in  which  the  workings  of  the  Oaks  Colliery  were  situated,  and 
the  dangers  attending  its  working  even  with  the  strictest  use  of 
safety  lamps,  were  described  in  a  paper  on  the  coal  and  iron  mining 
of  South  Yorkshire,  contributed  by  Mr.  Jeffcock  to  this  Institution, 
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(see  Proceedings  Inst.   M.  E.   1862  page   79).      He  was  elected  a 
Member  of  tlie  Institution  in  1855. 

Joseph  Whitham  was  born  at  Kirkstall  near  Leeds  in  1833 ;  and 
his  father  having  been  previonsly  an  engineer  and  millwright 
established  in  1840  the  Perseverance  Iron  Works  in  Leeds,  to  which 
he  and  his  brother  succeeded  in  1854,  as  makers  of  engines,  boilers, 
and  other  machinery,  and  as  iron  mannfacturers.  He  was  elected 
a  Member  of  this  Institution  in  1859,  and  died  after  a  very  short 
illness  on  12th  February  1866  at  the  age  of  thirty- two. 
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The  Chairman  moved  thaji  the  Report  of  the  Council  be  received 
and  adopted,  which  was  passed. 

The  Chairman  announced  that  the  Ballot  Lists  had  been  duly 
opened,  and  the  following  Officers  and  Members  of  Council  wore 
found  to  be  elected  for  the  ensuing  year  : — 


PRESIDENT. 


VICE-PRESIDEN-TS. 


John  Penn, 

Charles  F.  Beyer, 
William  Clay, 
Robert  Hawthorn, 
Sampson  Lloyd, 
Henry  Maud  slay, 
John  Ramsbottom, 


council. 
Alexander  Allan, 
John  Anderson, 
Frederick  J.  Bramwell,   . 
Charles  Cochrane, 
C.  William  Siemens, 


London. 


Manchester. 

Liverpool. 

Newcastle-on-Tyne. 

Wednesbury. 

London, 

Crewe. 

Worcester. 

Woolwich. 

London. 

Dudley. 

London. 


past-presidents. 
Ex-qfficio  j^ermanent  Members  of  Cotmcil. 


Sir  William  Gt.  Armstrong, 
William  Fairbairn, 
James  Kennedy, 
Robert  Napier, 
Joseph  Whitworth,  . 


Newcastle-  on-  Tyne. 

Manchester. 

Liverpool. 

Glasgow. 

Manchester. 


council. 
Memhers  of  Coimcil  remaining  in  office, 

Edward  A.  Cowper,  .         .         .     London. 

John  Fernie,  .  .         .         Leeds. 

Sir  Charles  Fox,      .         .         .     London. 

George  Harrison,  .         .         Birkenhead. 
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Edward  Humphrys,    . 
Edward  Jones, 
Walter  Mat,     . 

W.  MONTGOMERIE  NeILSON, 

John  Robinson, 
Charles  P.  Stewart, 


London. 

Birmingham. 

Birmingliam. 

Glasgow. 

Manchester. 

Manchester. 


treasurer. 


Henry  Edmunds, 


Birmingham. 


SECRETARY. 

William  P.  Marshall,       .         .     Birmingham. 


The  following  New  Members  were  also  elected 


MEMBERS. 

George  Allibon, 

London. 

George  Bell, 

Bolton. 

William  Duff  Bruce, 

Lncknow,  India. 

Daniel  Campbell,  . 

London. 

'J 

James  Easton,   .... 

Gateshead. 

1 

William  Henry  Gauntlett,  . 

Middlesbrough. 

George  Clementson  Greenwell 

,  Stockport. 

William  Hopper,   . 

Moscow,  Russia. 

Samuel  Horrocks,     .        .        . 

Sheffield. 

George  Douglas  Hughes, 

Nottingham. 

William  Inglis, 

Manchester. 

Charles  William  Lancaster,  . 

London. 

Thomas  Morgans, 

Taunton. 

John  D.  Napier,     . 

Birkenhead. 

William  Powell, 

Portland. 

Daniel  Rowlinson  Ratcliff,  . 

Liverpool. 

George  Ratliffe, 

Crewe. 

A. 

Henry  Fullwood  Rose,  . 

W  ednesbury . 

Thomas  Rose,    .... 

Manchester. 

r: 

Millin  Selbt, 

Vladimir,  Russia. 

I 
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Joseph  Lee  Thomas,  . 
Frederick  Charles  Winby, 
John  Turner  Wright, 


Douglas,  Isle  of  Man. 

Cardiff. 

Birmingliani. 


ASSOCIATE. 


James  Robertson, 


London. 


graduates. 
George  Edward  Jones,      .        .     Tipton. 


Horace  Mayhew,  . 
John  Roper  Wright, 


Wigan. 
Sheffield. 


The  following  paper  was  then  read 
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DESCRIPTION  OF  THE 

PAYING-OUT  AND  PICKING-UP  MACHINERY 

EMPLOYED  IN  LAYING  THE 

ATLANTIC    TELEGRAPH    CABLE. 


By  Mr.  GEORGE  ELLIOT,  or  London. 


The  Atlantic  Telegraph  Cable  expedition  of  1866  was  twofold  in 
its  purpose,  the  first  object  being  to  lay  a  new  cable,  and  the  second 
to  recover  and  complete  the  one  commenced  and  lost  in  the 
nnsnccessfiil  attempt  of  the  previons  year.  The  general  arrangements 
on  board  the  Great  Eastern  ste£imship,  which  Avas  employed  for  the 
purpose  on  both  occasions,  were  similar  in  both  years  ;  but  the 
knowledge  and  experience  which  had  been  so  dearly  bought  in 
1865  rendered  necessary  many  improvements  and  alterations  in  the 
detail  of  the  apparatus  employed. 

The  cable  itself  was  coiled  in  three  circular  wrought-iron  tanks, 
which  were  built  on  the  main  deck  of  the  ship,  as  shown  in  Pigs.  1, 
2,  and  3,  Plate  1,  v/hich  represent  a  general  plan  and  longitudinal 
and  transverse  sections  of  the  vessel.  The  foremost  tank  A  occupied 
the  space  which  had  previously  been  the  forecargo  space ;  and  the 
after  tank  C  was  placed  in  what  had  been  the  aftercargo  space.  The 
middle  tank  B  occupied  what  had  been  the  second  dining  saloon ;  and 
the  funnel  (shown  by  the  dotted  lines  in  Fig.  2)  from  the  pair  of 
boilers  in  that  position  was  removed  for  the  purpose,  those  boilers 
being  thrown  out  of  work  during  the  expedition.  The  whole  of  the 
fittings  in  these  spaces  had  been  removed,  and  each  of  the  tanks  was 
stayed  to  the  sides  of  the  ship  by  two  flat  frames  of  iron,  built  on 
angle-iron  framing,  thus  securing  the  tanks  in  the  most  substantial 
manner.  The  deck  had  also  been  shored  underneath  by  baulk  timbers, 
which  were  carried  through  from  deck  to  deck  down  to  the  bottom 
of  the  ship. 
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The  fore  tank  was  51  ft.  G  ins.  diameter,  the  middle  tank 
58  ft.  G  ins.,  and  the  after  tank  58  ft.  0  ins. ;  they  wei-e  all  of  a 
uniform  depth  of  20  ft.  G  ins.,  and  similarly  constructed  in  all  respects. 
The  bottoms  were  ^  inch  thick,  lap-jointed ;  and  the  sides  were  |  inch 
thick  in  the  lower  half,  and  J  inch  in  the  upper  half.  The  sides  were 
butt-jointed,  so  as  to  present  a  perfectly  smooth  surface  inside ;  and  the 
bottoms  were  covered  with  a  thin  wood  floor  to  receive  the  cable. 
As  it  was  of  vital  importance  that  the  cable  should  be  kept  always 
under  water,  to  prevent  depreciation  of  the  gutta-percha  coating,  and 
also  to  afford  the  only  means  of  effectually  testing  its  electrical 
condition,  these  tanks  were  carefully  made  water-tight.  In  paying  out 
the  cable,  the  water  in  the  tanks  was  kept  somewhat  below  the  level 
of  the  top  flake,  and  required  to  be  lowered  during  the  paying  out ; 
for  this  purpose  each  tank  was  supplied  with  discharge  valves,  and 
as  the  bottoms  of  the  coils  were  above  the  water  line  of  the  ship,  as 
shown  in  Fig.  2,  it  was  only  necessary  to  open  these  valves  in  order 
to  allow  the  tanks  to  discharge  themselves  completely. 

The  coihng  of  the  cable  into  the  tanks,  out  of  the  hulks  by  which 
it  was  brought  from  the  Telegraph  Construction  and  Maintenance 
Works  at  Greenmch  to  the  Great  Eastern  at  Sheerness,  was  effected 
in  the  following  manner.  The  cable  was  brought  up  over  the  side  of 
the  ship  from  the  hulk,  upon  wheels  which  guided  it  on  to  a  large 
deep-grooved  wheel  driven  by  steam  power;  on  the  tread  of  this 
wheel  ran  a  small  jockey  wheel  or  roller,  pressing  the  cable  down  into 
the  groove  of  the  large  wheel,  so  as  to  give  sufficient  friction  for 
enabhng  the  wheel  to  draw  up  the  cable  from  the  hulk.  The  coiling 
commenced  from  the  outside  of  the  tank,  the  end  being  previously 
triced  up  above  the  tank,  leaving  a  clear  end  for  splicing  and  testing. 
The  first  turn  of  the  cable  was  carefully  laid  round  the  outside  of  the 
tank,  and  the  next  was  laid  back  close  up  against  the  previous  turn, 
and  so  on  until  a  perfectly  flat  flake  or  layer  was  laid  into  the  eye  of 
the  coil,  wliich  was  left  about  9  ft.  G  ins.  diameter.  The  cable  was 
then  led  out  direct  to  the  outside  of  the  tank,  across  the  coils  already 
laid  ;  and  another  flake  was  commenced  precisely  similar  to  the  first, 
this  process  being  continued  until  the  tank  was  filled.  The  direction 
of  lay-out  of  the  cable  from  the  end  of  one  flake  to  the  beginning  of 
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the  next  was  tangential  to  the  circle  of  the  eye  of  the  coil,  as  shown  at 
D  in  the  plan,  Fig.  1 ;  and  the  portion  of  cable  crossing  the  coils  was 
protected  from  the  weight  of  the  coils  above  by  wood  battens  laid  on 
each  side  of  it,  about  3  inches  wide  and  1  inch  thick  with  the  edges 
rounded.  When  the  coiling  down  of  the  cable  into  the  tanks  was 
finished,  eyes  were  fitted  into  the  centre  of  each  coil,  which  were 
telescopic  in  their  construction,  so  that  as  the  cable  was  paid  out  the 
eyes  could  be  lowered  from  time  to  time.  Men  were  stationed  in  the 
tanks  for  the  purpose  of  keeping  the  cable  always  clear  during  the 
paying  out. 

In  paying  out  the  cable  it  was  passed  up  to  the  hatch  over  the 
centre  of  the  coil,  and  carried  over  a  large  wheel  E  about  4  feet 
diameter,  as  shown  in  the  enlarged  longitudinal  section.  Fig.  4, 
Plate  2.  The  cable  was  then  carried  in  a  trough  F  about  2  feet  wide, 
made  of  sheet  iron,  leading  to  the  paying-out  machinery ;  this  trough 
was  fitted  with  rollers  at  about  10  or  12  feet  intervals  to  relieve  the 
cable  from  friction  in  passing  along,  until  it  reached  the  paying-out 
machinery,  which  was  placed  in  the  stern  of  the  ship,  slightly  to  the 
port  side. 

The  length  of  cable  in  the  after  tank  was  840  knots  (1  knot 
=  6084  feet  =  1*15  statute  mile),  in  the  middle  tank  865  knots,  and 
in  the  fore  tank  671  knots  ;  and  the  entire  length  of  2376  knots  was 
joined  up  into  one  continuous  length  of  cable  before  the  laying  was 
commenced.  The  size  of  the  cable  was  1|  inch  diameter,  and  its 
weight  31  cwts.  per  knot  in  air,  and  14|  cwts.  per  knot  when 
immersed  in  water;  the  breaking  strain  was  8*10  tons,  equal  to 
eleven  times  its  weight  in  water  per  knot,  so  that  the  cable  would 
just  bear  its  own  weight  mil  knots  depth  of  water. 

Paying-Out  Machinery. — In  the  paying-out  machinery  the  chief 
object  to  be  attained  was  to  supply  some  means  of  checking  the  cable 
in  the  most  regular  manner  possible  while  passing  out  of  the  ship, 
and  also  of  keeping  it  in  a  state  of  constant  tension ;  and  it  was 
required  that  the  amount  of  this  tension  should  be  at  all  times 
known,  and  that  it  should  be  regulated  by  the  depth  of  the  water  in 
each  particular  part  of  the  ocean,  and  also  to  some  extent  by  the 
speed  of  the  ship. 
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The  most  important  feature  is  the  arrangement  by  which  it  was 
rendered  impossible  that  more  than  a  certain  strain  should  be  kept 
upon  the  cable  during  the  paying  out.  A  less  strain  would  only 
involve  a  shglit  loss  of  cable ;  but  any  increased  strain  might  possibly 
damage  or  even  destroy  it.  The  cable  on  entering  the  paying- out 
machinery  was  passed  over  a  series  of  six  deep-grooved  wheels, 
each  about  3  feet  diameter,  one  of  which  is  shown  in  side  and  end 
elevation  at  Gr  in  Figs.  7  and  8,  Plate  3.  On  the  shaft  of  each 
wheel  Gr  was  fixed  a  friction  wheel  H  of  the  same  diameter,  to  which 
was  fitted  a  friction  strap  lined  >vith  wood  and  tightened  by  a  w^eight 
on  a  lever,  as  shown  in  Fig.  7 ;  to  prevent  any  unnecessary 
wear,  this  friction  wheel  ran  in  a  tank  of  water  K.  Above  each 
of  the  grooved  carrying  wheels  was  a  jockey  wheel  J  about  14  inches 
diameter,  pressing  the  cable  L  down  into  the  groove  of  the  carrying 
wheel  Gr,  and  hooped  with  an  india-rubber  tyre  to  form  a  soft  cushion, 
so  that  no  damage  might  be  done  to  the  cable.  The  jockey  wheel  was 
also  fitted  with  a  small  friction  wheel  M  having  a  wrought-iron  strap 
adjustable  by  a  screw.  Any  one  of  the  jockey  wheels  could  be  lifted  up, 
so  as  to  allow  the  cable  to  shp  freely  through  the  groove  in  the  carrying 
wheel ;  or  in  case  of  necessity  the  whole  set  of  jockey  wheels  could 
be  raised  at  once  by  a  man  stationed  at  a  large  hand  wheel,  like  an 
ordinary  ship's  steering  wheel,  turning  tho  longitudinal  shaft  N 
which  lifted  up  each  jockey  wheel  by  a  chain  winding  upon  the  shaft. 
In  practice  there  were  generally  about  four  of  these  wheels  kept  at 
work,  but  the  machine  was  made  wdth  six  in  case  of  need. 

After  the  cable  had  passed  through  this  part  of  the  machinery, 
called  for  distinction  the  Jockey  Gear,  and  had  thereby  been 
subjected  to  a  shght  amount  of  strain,  it  was  led  to  the  main 
Paying- Out  Drum  P,  shown  in  side  elevation  in  Fig.  9,  Plate  4,  and 
in  end  elevation  in  Fig.  10,  Plate  5.  The  cable  L  entered  on  the 
underside  of  the  drum,  Fig.  9,  and  was  passed  four  times  round,  as  a 
rope  is  passed  round  a  capstan,  and  for  the  same  purpose  of  getting 
a  firm  hold  upon  it.  Just  above  the  point  at  which  the  cable  was  led 
on,  a  knife-guide  Q  was  placed  for  fleeting  or  slipping  sideways  the 
coils  already  on  the  drum,  so  as  to  leave  a  clear  lead-on  for  the  fresh 
cable ;  this  guide  was  adjustable  in  both  directions  with  screws,  like 
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a  slide-rest  on  a  lathe.  The  shaft  S  of  the  drum  was  carried  throliG'h 
on  each  side,  one  end  being  j&tted  with  a  coupling  R,  which  will  be 
referred  to  afterwards  in  connection  with  the  picking-up  arrangements 
adapted  to  this  machine ;  and  on  the  other  end  were  fitted  the  main 
friction  breaks  T  T. 

These  Self- Adjusting  Friction  Breaks  were  invented  by  the  late 
Mr.  Appold,  and  it  is  interesting  to  note  that  they  were  the  identical 
breaks  used  in  the  first  attempt  to  lay  the  Atlantic  cable  in  1857. 
The  break  wheels  themselves  T  T,  Figs.  9  and  10,  of  which  there  were 
two  On  the  shaft,  were  4  ft.  6  ins.  diameter,  and  12  inches  wide  on  the 
tread,  vv^hich  was  turned  a  little  convex.  On  each  wheel  was  fitted  a 
wrought-iron  strap  lined  with  wood,  and  a  screw  adjustment  U 
admitted  of  any  required  amount  of  friction  being  obtained.  On  the  top 
of  each  break  strap  was  a  lug,  to  which  a  long  rod  V  was  fastened, 
leading  to  the  top  of  a  bell- crank  lever  X  v/ith  arms  in  the  proportion 
of  1 1  to  1 ;  and  to  the  long  arm  of  this  lever  was  suspended  a  rod 
carrying  a  number  of  weights  W,  which  were  removable  at  pleasure 
for  adjusting  the  strain.  The  rod  was  continued  below  the  weights, 
and  had  a  piston  attached  to  it  working  loosely  in  a  water  cylinder, 
to  prevent  any  sudden  jerking  action  from  coming  on  the  break.  By 
screwing  up  the  adjustment  U,  the  break  was  made  to  have  sufiicient 
friction  for  lifting  the  weights  on  the  suspension  rod. 

In  order  to  render  the  break  self-adjusting,  so  that  it  should 
relieve  itself  whenever  binding  too  hard,  the  break  strap  was  cut 
through,  and  the  ends  were  attached  to  a  lever  A  in  the  manner  shown 
in  Fig,  9,  the  lower  extremity  of  the  lever  being  free  to  move  in  a  slot 
cut  in  the  stationary  bracket  B.  When  the  break  was  binding  too 
hard,  so  that  it  began  to  hft  the  weight  W  too  high,  the  break  strap 
consequently  travelled  round  and  brought  the  lever  A  into  the  position 
shown  dotted.  The  attachment  of  the  one  end  of  the  break  strap  at  the 
extremity  of  the  lever  moved  then  through  an  arc  of  a  larger  radius 
than  the  attachment  of  the  other  end  of  the  strap  ;  and  the  result  was 
therefore  equivalent  to  lengthening  the  break  strap  and  slackening 
the  break  off  the  surface  of  the  wheel,  causing  the  weight  W  to  fall 
back  instantly  to  its  original  position.  The  consequence  of  this  action 
was  that  when  the  break  was  at  work  the  lever  A  kept  the  strap  just 


ATLANTIC  TELEGRAPH  MACHINERY.  25 

tight,  and  the  weight  W  continued  just  oscillating.  The  two  break 
wheels  T  T,  placed  side  by  side  on  the  drum  shaft,  Fig.  10,  were  both 
fitted  precisely  alike  throughout. 

Near  the  end  of  the  bell-crank  lever  X,  Fig.  9,  a  chain  was 
attached  leading  to  a  wheel  Y  overhead ;  and  from  a  larger  wheel  on 
the  same  shaft  another  chain  led  to  a  barrel  on  a  winch  Z.  A  man 
standing  at  this  winch  by  turning  the  hand- wheel  could  immediately 
take  all  the  weight  off  the  breaks  T  T.  The  whole  of  this  paying- out 
machine  was  made  double,  so  that  in  case  of  any  mishap  there  might 
be  no  delay,  but  the  cable  might  at  once  be  removed  from  one  drum 
to  the  other.  This  provision  however  fortunately  proved  to  be 
needless,  as  throughout  the  expedition  there  was  no  failure  in  any 
part  of  the  machinery,  its  action  having  been  in  every  particular 
perfect. 

The  cable  having  by  these  means  been  sufficiently  checked  was 
passed  over  the  stern  wheel  A,  Fig.  4,  into  the  sea ;  and  on  its  way 
the  actual  strain  was  measured  by  a  Dynamometer  placed  at  D, 
consisting  of  the  following  arrangement.  Immediately  on  the 
cable  leaving  the  paying-out  drum  P  it  passed  over  a  wheel  H, 
and  at  a  distance  of  23  ft.  6  ins.  over  another  similar  wheel  I ; 
and  in  the  centre  between  these  two  wheels  the  dynamometer  D 
was  fixed,  which  is  shown  in  Figs.  11  and  12,  Plate  5.  It  consisted 
of  a  wheel  D  weighted  to  a  particular  amount  and  riding  upon 
the  cable  L,  being  guided  in  a  fixed  vertical  frame  by  rollers  A  A. 
The  amount  of  deflection  evidently  varies  according  to  the  strain  on 
the  cable,  and  the  strain  was  calculated  from  the  formula  obtained  by 
the  ordinary  resolution  of  forces,  namely  S  =^  ^W  approximately ; 
where  S  =  strain,  and  W  =  weight  of  dynamometer  wheel  D,  both  in 
the  same  terms;  Z=  distance  between  centres  of  carrying  wheels  H 
and  I,  Fig.  4,  and  d  =  deflection  of  cable.  The  values  of  d  or  amounts 
of  deflection  were  calculated  for  all  strains  from  7  cwts.  up  to  40  cwts., 
and  a  scale  B  was  affixed  to  the  instrument  with  an  index  C  carried 
upon  the  wheel  D ;  so  that  the  strain  could  immediately  be  read  off 
at  all  times  by  simple  inspection.  The  total  weight  of  the  wheel  D 
and  its  suspended  weight  F  was  426  lbs. ;  and  the  rod  carrying  the 
weight  F  was  continued  do^vn  to  a  piston  G  working  freely  in  a 
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cylinder  of  water,  to  prevent  any  sudden  jerks  of  the  dynamometer. 
The  ordinary  strain  in  paying  out  was  found  to  vary  from  10  to  12 
or  14  cwts.,  and  at  no  time  exceeded  16  cwts. 

The  paying-out  drum  was  also  supplied  with  steam  power  for 
reversing  its  action  and  picking  up  the  cable,  should  any  fault  occur 
requiring  such  an  operation.  This  constituted  one  of  the  most 
important  improvements  over  the  arrangements  of  the  1865  expedition, 
in  which  it  had  been  necessary  to  hand  the  cable  along  the  side  of  the 
ship  from  the  paying- out  machinery  in  the  stern  to  the  picking-up 
machinery  in  the  bow,  on  any  occasion  of  requiring  to  haul  in  the 
cable ;  and  it  was  during  this  hazardous  process  that  the  cable  was 
broken  and  lost  in  the  former  expedition.  In  the  present  machinery  the 
shaft  S  of  the  paying-out  drum  P,  Fig.  10,  was  prolonged  on  one  side 
for  the  purpose  of  forming  a  coupling  to  the  picking-up  arrangement. 
It  was  considered  advisable  to  make  all  this  part  of  the  machinery 
sufficiently  strong  to  work  with,  and  if  necessary  even  to  break,  the 
large  grapnel  rope,  which  had  a  breaking  strain  of  more  than  30  tons. 
The  shaft  S  was  therefore  made  in  its  smallest  place  7^  inches 
diameter.  There  were  three  points  to  be  specially  considered  in  the 
design  :  first,  that  the  moving  parts  of  the  machine  should  be  kept  as 
light  as  possible,  so  that  the  momentum  of  the  moving  mass  in 
paying  out  should  be  as  small  as  possible,  and  should  therefore  strain 
the  cable  as  httle  as  possible,  either  in  case  of  any  sudden  and  accidental 
mishap,  or  when  the  ship  was  pitching;  and  this  was  of  vital  importance. 
Secondly,  that  the  picking-up  arrangement  should  be  capable  of 
being  brought  into  action  at  a  moment's  notice.  And  thirdly,  that 
the  strength  of  the  machine  should  be  sufficient  to  cope  with  a  rope 
having  the  uncommon  breaking  strain  of  30  tons.  These  various 
requirements  v/ere  admu-ably  met  by  the  arrangements  adopted  in 
accordance  with  the  designs  of  Mr.  Chffi)rd,  the  engineer  of  the 
Telegraph  Construction  and  Maintenance  Works,  who  had  also 
worked  out  the  design  of  all  the  machinery  employed  in  the 
expedition. 

In  order  that  the  machinery  for  paying  out  might  be  as  light  as 
possible,  the  picking-up  motion  was  coupled  direct  to  the  shaft  S  of 
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tlie  drum  itself,  as  shown  in  Fig.  10 ;  so  that  when  the  coupHng  was 
thrown  out,  the  paying-out  machine  remained  intact  and  as  similar 
as  possible  to  what  would  otherwise  have  been  necessary  if  there  had 
been  no  picking-up  arrangement.  This  shaft  and  coupling  had  to  be 
<.)f  the  enormous  strength  necessary  to  bear  a  torsional  strain 
of  30  tons,  acting  at  a  leverage  of  2  ft.  8  ins.  The  shaft  ends  were 
squared,  and  a  large  wTought-iron  coupling  R  capable  of  sliding 
along  coupled  the  two  shafts  sectu^ely;  and  the  apphcation  of  this 
was  simply  the  work  of  a  moment.  On  the  shaft  H  thus  coupled  to 
the  drum  shaft  w^as  fixed  a  large  spur  wheel  of  7  ft.  11|  ins.  diameter 
and  5  inches  pitch :  this  pitch  may  at  first  appear  excessive,  but  it  is 
less  than  is  in  use  for  such  exceptional  strains.  A  train  of  gearing 
driving  the  pinion  working  into  this  w^heel  admitted  of  a  ready 
alteration  in  speed  and  power,  and  was  driven  by  a  pair  of  trunk 
engines  made  by  Messrs.  Penn,  having  a  nominal  horse  power  of  80, 
but  working  in  this  case  considerably  below  that  power,  as  the 
condensing  part  of  the  engine  was  dispensed  wath  and.  the  steam 
supplied  by  the  ship's  boilers  was  only  20  lbs.  pressure.  The  w^hole 
of  the  spur  gear,  which  was  of  a  very  perfect  construction,  was 
supplied  by  Messrs.  Jackson  of  Manchester,  and  was  manufactured 
by  their  wheel-moulding  machinery,  which  secured  a  remarkably  true 
bearing  surface  on  the  teeth.  The  steam  w^as  conveyed  to  the 
engines  by  an  8  inch  copper  pipe  of  about  130  feet  length ;  and  as  a 
considerable  condensation  was  anticipated  from  such  a  great  length 
of  pipe,  a  separator  and  superheater  w^cre  fitted  close  to  the  engines, 
so  that  they  received  their  steam  in  about  an  ordinary  condition. 

In  paying  out  the  cable  the  portion  in  the  after  tank  was  first 
taken,  in  order  to  trim  the  ship,  as  she  was  considerably  by  the  stern 
at  starting;  the  fore  tank  was  next  emptied,  and  the  middle  tank 
left  to  the  last,  the  ends  of  the  cable  from  the  several  tanks  having 
been  spliced  together  originally  in  that  order  of  connection.  When 
each  tank  became  nearly  empty  the  ship  was  slowed  down,  and  it 
was  quite  stopped  for  a  short  time  whilst  the  paying  out  of  the  cable 
was  transferred  from  one  tank  to  another.  This  apparently  rather 
delicate  operation  w^as  efiected  on  both  occasions  without  the  slightest 
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difficulty.  The  whole  of  the  cable  in  the  three  tanks  was  sphced  np 
into  one  length  before  the  paying  out  commenced ;  and  the  length 
between  each  tank  was  carefully  laid  in  troughs  of  wet  saw  dust,  so 
that  it  could  be  kept  under  electrical  test ;  it  was  also  from  time  to 
time  thoroughly  soaked  with  water.  The  total  length  of  cable  paid 
out  was  1851  knots,  and  the  time  from  shore  to  shore  was  14  days, 
giving  an  average  of  132  knots  per  day  paid  out,  and  an  average 
rate  of  5|  knots  per  hour  for  the  cable.  The  total  distance  run 
was  1669  knots,  making  the  average  proportion  of  slack  paid 
out  11  per  cent. 

The  paying- out  machinery  was  in  principle  identical  with  that 
used  in  the  previous  expedition  of  1865,  the  only  difference  being 
that  the  frames  of  the  machines  were  now  made  much  stronger, 
as  also  the  drums  and  their  shafts,  since  they  were  constructed  for 
picking  up  as  well  as  paying  out ;  many  special  arrangements 
were  also  made  which  fortunately  were  never  called  into 
requisition.  Only  one  mishap  of  any  importance  occurred  during  the 
entire  expedition,  and  that  was  when  a  large  quantity  of  the  cable 
fouled  in  the  tank  and  came  up  all  together  on  deck  in  the  night  of 
Wednesday  18th  July,  when  about  700  knots  had  been  laid.  This 
entangled  mass  of  cable  was  cleared  after  three  hours'  most  exciting 
and  anxious  labour.  The  night  was  dark  and  raining,  and  a  heavy 
summer  gale  was  blowing;  and  only  with  the  greatest  care  could 
the  ship  have  been  kept  steady  during  so  long  a  time.  Evidently  no 
appliances  in  the  machinery  could  have  been  made  to  meet  so 
extraordinary  an  occurrence.  The  ship  was  furnished  with  signal 
whistles,  worked  by  air  pressure  constantly  supplied  from  a  steam 
engine,  so  that  orders  could  be  transmitted  immediately  and  with  the 
greatest  precision  to  either  the  engine  room  or  the  bridges  and 
steering  deck ;  and  probably  the  ultimate  success  of  the  expedition 
in  no  small  degree  depended  on  this  arrangement. 

During  the  whole  time  of  the  paying  out  the  machinery  was  most 
carefully  watched  at  all  points.  The  drums  were  fitted  with 
rotometers,  showing  the  amount  of  cable  which  had  been  paid  out ; 
and  this  amount  was  carefully  noted  every  fifteen  minutes  in  the 
ship's  log,  and  the  speed  of  paying  out  and  the  speed  of  the  ship 
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were  calculated  so  that  a  right  amount  of  slack  might  be  allowed. 
K  the  ship  were  travelling  too  fast,  the  speed  was  immediately 
reduced  in  the  engine  room;  and  if  too  much  cable  was  being  paid 
away,  a  small  addition  to  the  weights  on  the  drum  breaks  usually 
remedied  this  defect  speedily:  in  fact  the  whole  working  of  the 
machinery  showed  that  every  dif&culty  which  presented  itself  was 
fully  overcome.  Varying  winds  and  currents  and  many  other 
circumstances  caused  constant  watching  from  moment  to  moment  to 
be  increasingly  necessary.  When  at  length  the  shores  of  Newfoundland 
loomed  in  the  distance  and  the  laying  of  the  Atlantic  cable  was  at 
last  a  success,  and  when  the  electrical  tests  which  had  been 
constantly  trying  the  condition  of  the  cable  proved  that  it  had  in  no 
way  whatever  been  injured  by  the  machinery  during  fourteen  days' 
constant  working,  then  could  all  on  board  reahse  the  success  of  so 
much  labour  and  thought,  the  result  of  so  many  years  of  constant 
apphcation  and  experiment. 

Picking-TJ])  Machinery. — Probably  no  course  made  by  a  vessel 
across  the  Atlantic  was  ever  more  definitely  known  and  accurately 
marked  on  the  chart  than  that  made  in  the  year  1865  by  the 
Great  Eastern  during  the  attempt  to  lay  the  Atlantic  cable.  When 
the  cable  parted  in  that  year,  many  days  were  spent  in  the  attempt 
to  recover  it ;  this  time  was  however  by  no  means  wasted,  as  the 
results  then  obtained  proved  not  only  the  possibility  but  the  certainty 
that  the  cable  could  be  found  and  raised  from  the  bottom.  It  was  a 
bold  experiment — that  of  grappling  for  a  cable  at  the  depth  of  two 
knots — and  was  altogether  without  precedent :  sailors,  engineers, 
and  theorists  had  repeatedly  declared  it  absurd;  but  the  result  of 
the  actual  trial  of  grappling  proved  at  all  events  that  it  was  not 
absurd,  and  showed  that  perhaps  even  the  ultimate  recovery  of 
the  cable  was  not  hopeless.  The  difficult  task  of  placing  the  ship 
in  such  a  position  that  it  should  drift  across  the  line  of  cable 
was  three  times  successfully  accomplished  in  the  attempts  made 
in  1865  to  raise  the  cable ;  tliree  times  the  cable  was  hooked,  and 
three  times  the  swivels  in  the  rope  failed.  For  days  the  dragging 
was  determinedly   continued  by  Sir   Samuel  (then  Mr.)   Canning, 
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the  engineer  in  cliarge  of  the  expedition,  until  every  fathom  of  rope 
was  exhausted,  and  there  -was  then  no  hope  left  for  that  year. 
Sufficient  however  had  been  done  to  render  it  impossible 
that  other  attempts  should  not  be  made ;  and  all  who  were  present 
were  only  more  thoroughly  convinced  than  ever  that  a  cable  could 
be  laid  across  the  Atlantic,  and  most  sincerely  believed  that  the 
cable  commenced  in  1865  would  yet  be  recovered  and  finished.  It 
matters  not  here  to  relate  the  exertions  which  were  necessary  for 
persuading  capitalists  to  proceed  yet  further  in  an  undertaking 
considered  by  very  many  to  be  as  impracticable  as  the  search  after 
the  philosopher's  stone  ;  it  is  sufficient  to  know  that  the  money  was 
ultimately  obtained,  that  the  expedition  was  organised,  and  most 
important  of  all  that  it  was  successful.  It  is  intended  now  to  describe 
the  means  and  the  machinery  by  which  this  grand  result  was 
attained. 

The  cable  of  1865  had  been  laid  with  about  15  per  cent,  of  slack, 
and  this  percentage  of  slack  was  the  great  source  of  hope  for  the 
successful  recovery  of  the  cable.  It  was  c?Jculated  that  if  the 
cable  could  be  raised  to  the  surface  without  hooking  it  at 
more  than  a  single  point,  there  would  be  a  bight  suspended  in  the 
water  of  9|-  knots  in  length,  when  in  2  knots  depth  of  water,  as 
shown  in  the  diagram.  Fig.  5,  Plate  2  ;  and  the  horizontal  distance  J  J 
would  be  8  knots  between  the  portions  resting  upon  the  ground, 
giving  an  excess  of  length  of  15  per  cent,  in  the  suspended  bight; 
and  the  results  of  the  actual  picking  up  proved  this  calculation  to 
represent  very  closely  the  curve  of  the  suspended  cable.  The 
size  of  the  cable  was  1|  inch  diameter,  and  its  weight  35|  cwts. 
per  knot  in  aii*,  and  14  cwts.  per  knot  when  immersed  in  water ; 
the  total  weight  of  a  suspended  length  of  9j  knots  in  water  was 
therefore  6J  tons,  but  as  the  breaking  strength  of  the  cable 
was  7f  tons,  it  would  carry  the  weight  of  11  knots  of  its  own 
length  in  water  before  breaking.  As  however  the  possibility  of  its 
recovery  in  this  manner  in  a  single  bight  was  generally  considered 
to  be  out  of  the  question,  it  was  intended  therefore  to  attempt 
raising  it  by  degrees  only.  Three  steamships  were  accordingly  fitted 
with  picking-up  apparatus,  the  Medway,  Great  Eastern,  and  Albany, 
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for  the  purpose  of  grappling  for  the  cable  simultaneously  in  three 
places :  the  Medivay  to  grapple  to  the  east  and  the  Alhany  to  the 
west  of  the  Great  Eastern. 

The  picking-up  machinery  was  entirely  new  for  this  expedition, 
and  was  constructed  for  a  much  greater  strain  than  the  machinery 
employed  in  the  attempts  of  the  previous  year.  The  Grapnel,  sho^vn 
in  Fig.  15,  Plate  7,  was  simply  a  very  large  ordinary  boat  grapnel 
made  with  five  prongs  instead  of  three ;  it  stood  about  4  feet  high,  was 
fitted  with  a  swivel  at  the  top,  weighed  about  2 J  cwts.,  and  its  prongs 
would  carry  a  strain  of  about  8  or  9  tons  without  damage.  Shackled 
to  this  was  a  15  fathoms  length  of  IJ  inch  chain,  to  which  was 
fastened  the  grapnel  rope.  This  rope  was  a  most  remarkable  one,  being 
1|  inch  diameter,  and  consisting  of  seven  strands,  six  strands  round 
one ;  each  strand  again  consisted  of  six  smaller  strands  of  hemp,  in 
the  centre  of  each  of  which  was  a  w^ire  about  1-lOth  inch  diameter. 
The  rope  was  repeatedly  tested,  and  was  never  known  to  break  with 
less  than  30  tons  strain.  Its  weight  in  air  was  about  5  tons  per 
knot,  and  in  water  3j  tons. 

At  the  bow  of  the  ship  were  fitted  four  iron  girders  carrying  three 
cast-iron  sheaves  about  3  ft.  9  ins.  diameter ;  these  sheaves  were  all 
clear  of  the  ship,  and  over  the  centre  one  the  grapnel  rope  was 
led  on  board,  as  shown  at  K  in  Fig.  2.  The  grapnel  rope  w^as 
led  directly  to  the  picking-up  machine  from  the  bow  sheave,  passing 
through  a  dynamometer  so  that  the  strain  could  be  ascertained  at  all 
times.  This  dynamometer  was  similar  to  the  one  for  the  paying-out 
machinery  described  before,  except  that  it  was  of  a  much  heavier 
construction  and  loaded  with  a  weight  of  2142  lbs.  The  vertical 
travel  of  the  dynamometer  wheel  was  5  feet,  the  horizontal  length  of 
deflected  cable  30  feet,  and  the  graduations  of  the  scale  ranged  from 
2  tons  to  20  tons. 

The  Pi  eking- Up  Machine  w^as  very  powerful,  as  it  had  to  cope 
with  a  rope  of  30  tons  breaking  strain,  and  if  necessary  to  break  it. 
It  is  shown  in  elevation  and  plan  in  Figs.  13  and  14,  Plates  6  and  7. 
The  two  large  drums  B  B,  each  5  ft.  8  ins.  diameter,  were  fixed  on 
shafts  parallel  to  each  other  at  11  feet  distance  apart  from  centre  to 
centre.     The  grapnel  rope  A  A  was  passed  four  times  round  these 
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two  in  tLe  manner  sliown  in  Fig.  13,  passing  away  on  the  opposite 
side  from  where  it  entered  on.  The  fleeting  of  the  rope  was  effected 
by  small  disc  rollers  C  C  placed  on  shafts  between  the  drums,  four 
above  and  four  below ;  and  each  part  of  the  rope  was  fleeted  after 
leaving  one  drum  before  it  entered  on  the  other,  thus  keeping  every 
portion  of  the  rope  clear  of  the  rest.  The  fleeting  required  much  more 
care  in  this  machine  than  in  the  one  for  paying  out,  as  the  shackles  and 
swivels  on  the  grapnel  rope  would  capsize  on  and  hold  down  the 
preceding  coil  of  the  rope  on  the  drum,  unless  the  four  coils  were  all 
kept  very  wide  apart. 

As  the  strains  to  which  it  was  expected  the  machine  might 
probably  be  put  were  very  great,  it  was  thought  advisable  not  to  take 
the  power  through  the  shafts  of  the  drums  B  B ;  and  accordingly  the 
drums  had  spur  wheels  D  D  fixed  at  each  side,  into  which  the 
pinions  E  E  geared ;  and  by  this  means  no  torsional  strain  whatever 
was  put  on  the  shafts  of  the  drums.  The  strain  of  the  grapnel  rope 
was  divided  thus  between  four  spur  wheels,  and  the  pitch  of  these  was 
only  4  inches ;  although  in  the  paying-out  machine,  where  this 
division  of  strain  could  not  be  effected,  the  spur  wheels  were  5  inches 
pitch.  Each  of  the  drums  had  a  break  E  fixed  to  it,  and  both  the 
breaks  were  worked  by  one  shaft  G  Gr  with  two  screws  on  it,  carried 
fore  and  aft  along  the  machine  over  the  breaks.  All  the  strain  of  the 
breaks  was  carried  by  brackets  H  H  on  the  sole  plate,  and  in  no  way 
by  the  screw  shaft  Gr;  and  this  is  believed  to  be  rather  a  novel 
application  of  the  break  strap,  and  may  be  worthy  of  remark. 

The  machine  was  driven  by  a  pair  of  trunk  engines,  precisely 
duplicates  of  the  pair  employed  in  the  paying-out  machine  ;  and  these 
engines,  together  with  the  picking-up  machine  itself,  were  made  by 
Messrs.  Penn.  There  was  also  a  system  of  gearing  similar  to  that 
belonging  to  the  paying- out  machine,  for  admitting  of  a  change 
of  speed  and  power ;  the  slowest  speed,  when  the  engines  made 
80  revolutions  per  minute,  was  about  f  knot  per  hour,  and  the 
quickest  about  1^  knots  per  hour.  The  machine  was  supphed  with  a 
draw-off  wheel  I  and  jockey  wheel  J  having  an  adjustable  weight  K, 
so  as  to  keep  the  grapnel  rope  A  well  taut  on  the  drums  B ;  and  a 
rotometer  was   added   for   measuring  the  length  of  grapnel   rope 
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overboard.  Wlien  the  picking  up  of  the  cable  was  in  progress,  the 
grapnel  rope  was  delivered  from  the  picking-up  drams  into  the  fore 
tank,  ^^'hich  was  at  that  time  empty. 

The  process  of  grappling  was  as  follows.  The  exact  line  of  the 
cable  having  been  marked  by  a  couple  of  buoys  put  down  by 
nautical  observation,  the  ship  was  brought  into  a  position  about 
3  or  4  knots  north  or  south  of  this  line,  according  to  the  direction  of 
the  wind  and  current,  so  that  the  ship  might  be  drifted  slowly  across 
the  line  of  the  cable.  The  new  cable  of  1866  had  been  laid  at  a 
distance  of  about  30  knots  southw^ard  of  the  line  of  the  old  cable,  so  as 
to  avoid  all  risk  of  injury  in  the  process  of  grappling  for  the  old  cable. 
In  a  depth  of  1900  fathoms  (nearly  2  knots),  about  2200  fathoms 
length  of  grapnel  rope  wdth  the  chain  and  gTapnel  as  before  described 
was  lowered  mth  great  care,  taking  about  an  hour  or  an  hour  and  a 
half  for  the  puriDOse.  Wh.ilst  the  grapnel  was  being  lowered,  accurate 
observations  were  continuously  taken  of  the  indications  given  by  the 
dynamometer ;  and  the  grapnel  striking  the  botton*  w^as  almost 
immediately  indicated  by  a  diminution  of  weight,  as  it  and  the  chain 
weighed  rather  more  than  half  a  ton.  About  a  couple  of  hundred 
fathoms  of  additional  rope  were  then  paid  out,  and  the  dynamometer 
from  this  time  was  most  strictly  watched  ;  a^verages  of  the  indications 
were  taken  every  few  minutes,  and  many  hours  frequently  passed 
before  there  was  the  smallest  change  in  these  averages.  It  was 
interesting  to  observe  how  steadily  these  averages  remained  at  about 
8J  to  9J  tons,  dependent  upon  the  length  of  grapnel  rope  out,  and 
the  strength  of  the  wind  and  current.  An  indicated  rise  of  5  cwts. 
was  generally  considered  satisfactory  evidence  that  the  cable  was 
once  more  hooked,  and  this  seldom  proved  wi'ong;  no  attempt 
however  was  made  to  haul  in  the  rope  until  the  strain  rose  2  tons 
above  the  average.  As  soon  as  a  strain  of  10 J  to  12  tons  was 
observed,  the  ship  was  brought  up  by  her  engines  to  ease  the  strain, 
and  the  operation  of  picking  up  commenced ;  the  strain  then  generally 
rose  to  about  14  or  15  tons,  and  continued  at  this  amount  until  the 
bight  of  the  cable  was  raised  off  the  ground,  after  which  time  it 
gradually  lessened.     The  attempt  was  once  made  to  raise  this  bight 
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direct  to  tlie  sta^face  mtlioiit  assistance  from  the  other  ships,  and  it 
proved  successful,  the  cable  coming  a  few  feet  above  the  water  with 
a  strain  of  about  6^  tons.  There  v>"as  however  a  heavy  swell  on  at 
the  time,  and  the  pitching  of  the  ship  broke  the  cable  through. 

After  many  ineffectual  attempts,  the  cable  was  at  length 
successfully  raised  in  the  following  manner.  It  was  hooked  by  the 
Great  Eastern,  and  the  bight  being  raised  about  900  fathoms  from  the 
bottom  was  buoyed  there,  as  shown  at  B  in  Fig.  6,  Plate  2 :  the 
buoy  attached  was  of  the  largest  size,  weighing  3|-  tons,  and  capable 
of  supporting  a  w^eight  of  13  tons.  The  Gixat  Eastern  then  again 
gi^appled  for  the  cable  about  3  or  4  knots  westward  at  S,  and  again 
found  it ;  the  Medway  found  it  at  the  same  time  at  M,  about  2  knots 
westv/ard  of  the  Great  Eastern.  The  Great  Eastern  then  commenced 
hauling  in,  signalling  to  the  Medivay  to  do  the  same,  and  to  break  it  if 
she  could  not  bring  the  bight  to  the  surface ;  this  she  accordingly 
did,  the  cable  breaking  about  200  fathoms  below  the  surface.  The 
Great  Eastern  in  this  manner  had  a  loose  end  of  about  2  knots  to 
the  westward,  and  had  immediately  a  much  reduced  strain  to 
contend  with.  Ultimately  the  end  was  successfully  brought  on 
board,  the  electrical  circuit  to  Yalentia  was  once  more  established 
from  the  ship,  and  the  movement  of  the  small  speck  of  light  on  the 
galvanometer  scale  by  the  current  received  from  Ireland  indicated 
the  success  of  the  undertaking.  A  shout  of  joy  spread  through 
the  ship,  the  guns  bellowed  out  the  welcome  news  to  the  other 
ships ;  and  the  anxiety  of  nineteen  days'  continuous  trial,  which  had 
culminated  in  an  intensity  that  was  most  significantly  betokened  by 
the  oppressive  silence  whilst  the  end  of  the  recovered  cable  was 
being  tested,  now  gave  way  to  universal  cheering  and  excitement. 

The  recovered  end  was  speedily  sphced  on  to  the  remaining 
portion  of  cable  coiled  in  the  tanks  on  board ;  and  the  ship  was 
soon  slowly  proceeding  onwards  again  with  her  head  to  the  west. 
The  paying-out  machinery  was  from  that  moment  all  that  possessed 
any  interest ;  the  picking-up  dynamometer,  which  had  been  so 
constantly  v*^atched,  was  left  deserted;  and  the  hum  of  wheels, 
jockeys,  and  drums,  was  the  sound  most  welcome  to  all  on  board. 
This    fortunately  continued   without   interruption   until   the   ship's 
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arrival  the  second  time  at  Heart's  Content,  N'cwfonndland,  thus 
conipletmg  the  laying  of  the  remaining  680  knots  required  to  finish 
the  original  cable  of  1865. 


Specimens  were  exhibited  of  the  new  cable  of  1866,  and  of  the 
recovered  cable  of  the  previous  year  with  the  grapnel  rope  by  which 
it  was  picked  up,  together  with  the  original  charts  of  the  laying  and 
picking  up,  which  Avere  lent  for  the  occasion  by  the  kindness  of 
Captain  Sir  James  Anderson. 

Mr.  C.  W.  Siemens  considered  they  Avere  much  mdebted  for  the 
very  interesting  and  valuable  particulars  given  in  the  paper  respecting 
machinery  which  had  been  successful  in  achieving  such  an  important 
work  as  the  laying  of  the  Atlantic  telegraph  cable,  and  which 
appeared  in  all  its  details  to  have  been  most  carefully  arranged. 
In  the  previous  expedition  of  1865  there  was  no  doubt  that  a 
great  mistake  had  been  made  in  having  the  picking-up  machinery 
separated  by  a  distance  of  more  than  600  feet  from  the  paying-out 
machinery,  the  tAvo  being  at  opposite  ends  of  the  great  ship ;  and 
this  he  considered  had  caused  the  loss  of  the  cable  in  that  attempt. 
There  was  no  occasion  howcA^er  for  the  use  of  separate  machines 
for  paying  out  and  picking  up,  and  machinery  had  previously 
been  designed  by  himself  for  serving  the  double  purpose  of  paying 
out  and  picking  up  (sIioaati  in  Figs.  16  to  23,  Plates  8  to  10), 
which  was  made  by  Messrs.  Easton  and  Amos  and  fitted  on 
board  the  Dix  Decemhre,  a  French  telegraph  ship  that  had  done 
a  great  deal  of  actual  service  in  laying  and  picking  up  telegraph 
cables  in  the  Mediterranean.  The  engine  A,  Figs.  17  and  19,  was 
placed  on  deck  near  the  paying-out  gear  B,  at  the  stem  of  the  vessel ; 
and  the  machinery  was  driven  by  the  strap  C  tightened  by  the  hand 
lever  D,  so  that  it  could  be  throAvn  out  of  gear  at  any  time.  By 
this  means  he  had  frequently  reversed  the  action  of  the  machinery 
from  paying  out  to  picking  up  within  only  a  minute  or  two,  which 
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lie  considered  was  a  point  of  special  advantage  in  sucli  operations,  by 
admitting  of  readily  hauling  in  tte  cable  for  examination  or  repairs  ; 
for  if  any  accident  happened  to  the  cable  in  paying  out,  such  as  any 
deficiency  occurring  in  the  electrical  tests,  it  was  most  essential  that 
there  should  be  facilities  for  picking  up  the  cable  immediately  and 
examining  the  injured  place.  In  picking  up  by  this  arrangement, 
the  vessel  had  of  course  to  be  drawn  backwards  by  the  strain  upon  the 
cable  in  being  slowly  hauled  in ;  and  in  the  case  of  a  head  wind  this 
strain  was  diminished  by  vforking  the  ship's  engines  slowly  in  the 
backward  direction.  The  Dix  Becemhre  had  been  largely  employed 
in  picking  up  the  Port  Yendre  and  Minorca  cable  and  other  old 
Mediterranean  cables,  hauling  the  cable  in  at  the  stern,  with  most 
satisfactory  results.  If  on  the  contrary  in  order  to  haul  in  the  cable 
it  had  to  be  taken  round  along  the  whole  side  of  the  vessel  from  the 
stern  to  the  bows,  there  was  very  great  risk  of  injuring  the  cable,  or 
of  losing  it  altogether  as  occurred  in  1865,  because  during  the  whole 
time  of  making  the  change  the  vessel  was  in  effect  riding  at  anchor 
upon  the  cable.  He  could  only  suppose  that  that  mode  of  procedure 
arose  from  the  old  notion  of  sailors  that  the  bows  of  a  ship  were  the 
proper  place  for  taking  in  a  cable,  because  the  anchor  rope  was 
always  taken  in  at  that  end. 

In  paying  out  a  cable,  the  dynamometer  for  showing  continuously 
the  strain  under  which  the  cable  ran  out  was  a  most  essential 
instrument,  and  in  the  arrangement  described  in  the  paper  a  weighted 
pulley  working  between  guides  rested  upon  the  cable  midway  between 
two  carrying  wheels  over  which  the  cable  passed.  This  construction 
however  he  thought  was  not  so  free  in  its  action  as  the  arrangement 
shown  in  Eig.  20,  which  he  had  adopted  and  had  found  completely 
successful,  having  the  weighted  pulley  E  carried  at  the  extremity  of 
a  lever  F,  so  that  it  rested  freely  upon  the  cable  G ;  the  lever  was 
loaded  either  by  a  weight  H,  or  by  springs,  the  latter  being  preferable 
on  account  of  their  greater  steadiness  of  action.  A  scale  attached  to 
the  lever  showed  at  all  times  the  amount  of  strain  upon  the  cable. 

In  place  of  loading  the  friction  breaks  of  the  paymg-out  drum  by 
means  of  dead  weights,  as  had  previously  been  done,  Avith  the 
addition    on    the    G^'eat    JEastern    of  water   cylinders    to    prevent 


ATLANTIC  TELEGRAPH  MACHINERY.  37 

undue  oscillation  of  the  weights,  as  described  in  the  paper,  he  had 

adopted  a  plan  of  loading  the  breaks  which  he  thought  had  an 

advantage   in  delicacy  and   certainty  of  action,   by  the  use  of  a 

hydraulic  cyhnder  K,  Figs.  20  and  21,  loaded  by  a  constant  pressure 

of  water  upon  the  piston,  according  to  a  suggestion  originally  made 

by  Professor  Rankine  and  embodied  in  the  design  of  the  machinery 

on  the  Dix  Decemhre.     The  supply  of  water  to  the  cyhnder  K  was 

maintained  by  the  pump  L,  Fig.  20,  driven  constantly  by  a  strap  from 

the  shaft  of  the  paying- out  drum  B ;  and  the  water  being  delivered 

along  the  pipe  M  communicated  by  the  four- way  cock  I  with  the  top 

of  the  break  cylinder  K,  and  passed  up  the  rising  pipe  N  to  the 

regulating  valve  J  in  the  tank  P,  shown  to  a  larger  scale  in  Fig.  22, 

The  cylindrical  casing  of  the  valve  J  had  four  V  shaped  orifices, 

through   which    the    water    entering    from    the    pipe   N   escaped 

continuously  into  the   external  tank   P,   the  rate  of  escape  being 

regulated  by  the  position  of  the  plunger  J  forming  a  piston  valve, 

which  was  loaded  by  a  spring-balance  Q,  like  an  ordinary  safety 

valve.     By  this  means  a  constant  pressure  was  maintained  upon  the 

top  of  the  piston  in  the  break  cylinder  K,  and  the  load  upon  the 

break  R  in  paying  out  was  thus  readily  adjusted  by  screwing  the 

spring-balance  Q  to  the  desired  pressure  ;  while  at  the  same  time  the 

load  upon  the  break  could  never  exceed  the  m.aximum  to  which  the 

spring-balance  was  adjusted.     The  bottom  of  the  break  cylinder  K 

communicated  by  the  four- way  cock  I  and  the  exhaust  pipe  S  with 

the  tank  P,  but  outside  the  regulating  valve  J,  so  that  the  loading 

pressure  was  not  conveyed  to  the  underside  of  the  piston  in  the 

break  cylinder ;  and  in  order  to  allow  of  a  sHght  amount  of  yielding 

in  the  hydi'aulic  break,  and  to  give  it  a  sort  of  elastic  action,  the 

four- way  cock  I  was  itself  made  with  a  small  hole  through  the  ping, 

as  shown  to  a  larger  scale  in  Fig.   23,  through  which  a  constant 

small  leakage  took  place  from  the  pressure  side  into  the  exhaust  pipe. 

The  break  R  was  rendered  self-reheving  by  the  lever  T,  Fig.  21,  in 

the  same  manner  as  described  in  the  paper.     There  were  two  of  the 

friction  breaks  R  R,   Fig.  1 7,  one  on  each  side  of  the  paying-out 

drum  B  ;  and  the  two  rising  pipes  N  N  from  the  break  cylinders  K  K 

both  entered  under  the  same  regulating  valve  J,  Fig.  22,  whereby  the 
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load  was  maintained  always  exactly  equal  upon  both  breaks.  The 
water  escaping  from  under  the  valve  J  into  the  tank  P  was  dehvered 
by  a  pipe  U  upon  the  top  of  each  of  the  breaks  for  the  purpose  of 
lubricating  them,  Wlien  driving  the  drum  B  in  the  contrary 
direction,  for  picking  up  the  cable,  it  was  only  necessary  to  reverse 
the  four- way  cock  I ;  and  the  pressure  then  acting  below  the  piston 
in  the  hydrauhc  cylinder  K  slacked  the  break  strap  off  the  break, 
while  at  the  same  time  the  lubrication  by  the  waste  water  from  the 
tank  P  continued  undiminished,  so  that  the  drum  B  revolved  freely 
without  the  action  of  the  breaks. 

In  the  laying  of  the  Atlantic  cable  he  was  glad  to  see  that  water- 
tight tanks  had  been  adopted  for  containing  the  cable  on  board  the 
Great  Eastern,  as  that  was  a  measure  which  he  had  recommended 
for  many  years,  because  it  preserved  the  cable  from  injury  and 
allowed  of  a  system  of  continuous  tests  during  the  whole  time  of  the 
laying.  In  addition  to  the  water-tight  tank  containing  the  cable  in 
flakes  or  layers,  an  arrangement  employed  for  light  cables  in  the  Dix 
Decemhre  was  to  carry  the  coil  of  cable  upon  a  circular  turntable 
revolving  on  a  set  of  live  rollers  in  the  water  tank,  as  shown  in 
Pig.  18. 

With  regard  to  the  grappling  for  the  recovery  of  the  cable  of 
1865,  one  fortunate  chcumstance  connected  with  the  Atlantic  ocean 
was  that  its  bottom  appeared  to  be  perfectly  smooth  and  homogeneous. 
In  the  Mediterranean  sea  however,  where  he  had  grappled  a  cable  at 
a  depth  nearly  but  not  quite  equal  to  that  of  the  Atlantic,  the 
circumstances  had  been  much  less  favourable  in  those  respects  ;  and 
the  dynamometer  was  therefore  by  no  means  so  steady,  but  was 
Hable  to  fly  up  suddenly  to  perhaps  15  cwts.  and  drop  down  again  to 
4  or  5  cwts.,  so  that  it  was  impossible  to  decide  with  such  accuracy 
as  in  the  Atlantic  whether  the  cable  was  taken  hold  of  by  the  grapnel 
or  not.  The  reason  no  doubt  was  that  the  Mediterranean  had  a 
rocky  bottom,  full  of  coral  formations  in  moderate  depths,  and  rocky 
even  at  its  greatest  depths  ;  whereas  the  bottom  of  the  Atlantic 
appeared  to  be  almost  perfectly  smooth.  Another  circumstance 
highly  in  favour  of  the  Atlantic  cable  was  that  there  seemed  to  be  no 
animal  life  at  the  bottom  of  the  ocean ;  whereas  in  the  Mediterranean, 
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if  such  a  cable  covered  partially  with  hemp  were  pnt  down  to  the 
bottom,  it  wonld  be  utterly  destroyed  in  a  few  months  by 
animals  breeding  upon  the  cable  and  eating  up  the  hemp,  leaving 
the  wires  unprotected  and  a  mere  burden  upon  the  tender  core. 
This  had  been  the  case  with  the  early  Candia  and  Chios  cable 
and  with  the  Toulon  and  Algiers  cable  laid  in  1859,  both  of  which 
had  become  entirely  useless  after  being  down,  the  former  only  six 
months,  and  the  latter  only  about  eight  months.  On  the  contrary 
the  specimen  now  exhibited  of  the  recovered  Atlantic  cable  of  1865, 
which  had  been  down  at  the  bottom  of  the  ocean  for  twelve  months, 
was  evidently  as  perfect  as  at  the  time  that  it  was  laid,  although 
its  construction  was  the  same  as  that  of  the  Toulon  and  Algiers 
cable.  On  all  accounts  therefore  there  seemed  every  reason  to  hope 
that  the  Atlantic  cable  now  laid  would  prove  a  durable  one. 

Mr.  W.  Fairbairn  remarked  that  the  laying  of  a  cable  across  the 
Atlantic  was  one  of  the  most  important  undertakings  in  ocean 
telegraphy ;  and  having  had  an  opportunity  ©f  inspecting  the  whole 
of  the  machinery  a  few  days  before  the  Great  Eastern  sailed  on  the 
last  expedition,  he  considered  it  was  most  carefully  constructed  and 
arranged,  so  as  to  preclude  any  liability  of  mishap  during  the  laying 
of  the  cable.  The  success  that  had  attended  the  operation  of  laying 
the  cable  was  mainly  due  in  the  first  instance  he  thought  to  the  use 
of  the  Great  Eastern  for  conveying  the  cable,  whereby  the  entire 
cable  was  contained  in  the  hold  of  one  vessel  by  means  of  the  three 
tanks  ;  so  that  by  connecting  these  three  lengths  together  in  the 
vessel  the  entire  cable  was  tested  continuously  during  the  whole 
process  of  laying  it  from  Ireland  to  Newfoundland,  and  by  this  means 
any  failure  in  the  electric  currents  would  have  been  instantly  detected. 
The  operation  of  paying  out  the  cable  had  been  admirably  performed, 
as  described  in  the  paper,  and  the  success  with  which  it  had  been 
accomplished  showed  how  well  the  machinery  had  been  adapted  for 
the  purpose.  Having  made  the  experiments  upon  the  tensile  strength 
of  the  cable  and  also  of  the  grapnel  rope,  he  had  found  the  results 
most  creditable  to  the  manufacture  of  both.  One  difference  between 
the  previous  cable  of  1865  and  the  new  one  of  1866  was  that 
the  former  was  coated  with  pitch,  while  the  latter  was  left  clean ; 
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and  it  liad  been  found  tliat  in  going  over  the  pulleys  of  tlie 
paying-ont  macliinery  tlie  grooves  became  so  glutinous  and  sticky 
with  tlie  pitched  cable  that  there  was  great  difficulty  in  keeping  them 
sufficiently  clean ;  the  new  cable  however  without  the  pitch  was  paid 
out  with  the  greatest  possible  ease,  and  this  he  thought  contributed 
largely  to  the  success  of  the  laying.  With  regard  to  the  destruction 
of  the  hemp  covering  by  marine  animals,  even  supposing  the  whole 
of  the  hemp  were  eaten  off  by  them,  the  cable  he  beheved  would 
continue  in  complete  working  order,  provided  they  did  not  attack  the 
gutta-percha  which  formed  the  insulator.  The  outer  covering  of 
hemp  appeared  to  him  of  very  little  importance  or  value  after  the 
laying  of  the  cable  had  been  accomphshed,  and  so  long  as  the 
insulator  remained  complete,  he  thought  it  would  not  be  of  fatal 
consequence  if  the  vfhole  of  the  outer  covering  were  decomposed  or 
eaten  off.  There  appeared  every  reason  to  believe  that  the  two  cables 
now  laid  across  the  Atlantic,  remaining  perfectly  quiescent  at  the 
bottom  of  the  ocean,  at  so  great  a  depth  below  the  surface  and  under 
such  a  heavy  pressure  of  water,  might  continue  in  perfect  working 
order  for  a  great  number  of  years. 

Mr.  J.  T.  Wright  observed  that  he  had  been  out  to  the 
Mediterranean  a  few  months  previously  and  had  had  an  opportunity 
of  exam.ining  a  portion  of  one  of  the  cables  that  had  been  raised  for 
repairs ;  and  it  was  found  that,  though  the  marine  animals  had 
destroyed  the  hemp,  the  cable  remained  electrically  perfect  and 
efficient  wherever  not  damaged  by  excessive  strain  upon  the  core. 

Mr.  C.  W.  Siemens  said  he  had  seen  the  hemp  covering  of  a 
cable  entirely  eaten  away,  and  even  the  gutta-percha  indented  about 
1-1 6th  or  l-8th  inch,  but  beyond  that  point  the  action  of  the  marine 
animals  did  not  appear  to  go.  With  regard  however  to  the  safety  of 
the  cable  when  deprived  of  its  hemp  covering,  although  it  might 
continue  efficient  if  lying  upon  a  perfectly  smooth  bottom  and  with 
the  tensile  strain  perfectly  equalised  throughout  its  length,  yet  that 
would  certainly  not  be  the  case  in  the  Mediterranean,  where  he  was 
satisfied  that  as  soon  as  the  cable  had  ever  worn  weak  at  any  point 
it  would  break,  because  the  bottom  of  the  sea  was  so  uneven  that 
the  cable  hang  unsupported  in  a  great  many  places.     He  had  seen 
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pieces  of  Mediterranean  and  Red  Sea  cables  which  had  evidently 
given  way  at  points  of  suspension  by  the  rusting  of  the  iron  wires ; 
and  wherever  the  cable  had  parted,  the  core  had  been  elongated  several 
niches,  and  had  shown  electrical  faults.  "Wherever  the  bottom  was 
not  perfectly  smooth,  the  strains  produced  by  the  suspended  portions 
of  the  cable  must  ultimately  lead  to  fracture,  if  the  iron  wires 
became  laid  open  to  the  action  of  rusting.  So  long  as  a  cable 
retained  its  full  strength,  it  was  not  indeed  necessary  that  it  should  be 
perfectly  supported  throughout  its  entire  length  ;  but  unless  it  were 
proved  that  the  bottom  of  the  Atlantic  was  so  perfectly  even  that  no 
portion  of  the  cable  would  be  in  suspension,  the  continuance  of  the 
cable  in  working  order  must  be  dependent  he  considered  upon  the 
durability  of  the  hemp  covering  protecting  the  iron  wires  from 
corrosion,  which  in  the  absence  of  marine  animals  might  be  for 
many  years. 

In  addition  to  preserving  the  iron  wires  from  rust,  it  must  be 
borne  in  mind  that  the  durability  of  the  hemp  covering  was  also 
essential  to  the  strength  of  the  cable,  in  consequence  of  the  hemp 
actiQg  as  a  packing  to  keep  the  wires  at  the  proper  distance 
apart.  K  the  hemp  were  eaten  away,  the  wires  would  be  left  like  a 
loose  cage  round  the  core,  and  the  latter  would  stretch  and  become 
faulty  in  consequence. 

Mr.  W.  Fairbairn  had  no  doubt  that  in  situations  where  the 
bottom  of  the  sea  was  irregular,  as  in  the  Mediterranean  and  other 
volcanic  districts,  sharp  points  of  rock  would  be  met  with  where  a  cable 
would  be  carried  by  suspension  in  the  manner  that  had  been  described ; 
and  he  suggested  that  in  such  cases,  where  Ihere  was  a  liability  of 
the  hemp  becoming  abraded  or  eaten  away  by  marine  animals,  an 
exterior  covering  of  mres  should  be  employed  without  hemp,  so  as 
to  assist  in  preserving  the  full  strength  of  the  cable  unimpaired  by 
time.  In  the  Atlantic  however  the  apparently  level  character  of  the 
bottom  led  to  the  conclusion  that  no  such  difficulties  would  arise  in 
connection  with  that  cable  ;  and  with  regard  to  marine  animals, 
although  they  had  been  proved  to  exist  in  other  seas  at  a  depth  of 
even  2  or  2^  knots,  it  did  not  appear  clear  that  any  danger  was  to 
be  apprehended  at  so  great  a  depth  at  the  bottom  of  the  Atlantic. 
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There  seemed  every  reason  therefore  to  expect  tliat  the  Atlantic 
cable  now  laid  would  be  as  perfect  after  twenty  or  thirty  years'  work 
as  at  the  present  time. 

Mr.  E.  A.  CowPER  thought  there  was  no  question  that  wherever 
marine  animals  existed  they  would  eat  away  the  hemp  covering  of 
such  a  cable  as  the  Atlantic  and  would  even  attack  the  gutta-percha 
of  the  core ;  and  as  the  sea  water  would  exercise  a  corrosive  action 
upon  the  iron  wires  as  soon  as  the  hemp  covering  was  gone,  it  would 
become  a  mere  question  of  time  in  such  cases  how  long  the  cable 
would  last.  It  was  clear  therefore  that  in  such  a  sea  as  the 
Mediterranean,  where  the  bottom  was  so  irregular,  and  where  animal 
life  was  known  to  exist  down  to  the  very  bottom,  it  would  be  useless 
to  attempt  laying  down  a  cable  of  the  construction  adopted  for  the 
Atlantic ;  and  for  such  cases  he  considered  the  construction  of  cable 
designed  and  laid  down  by  Mr.  Siemens  was  well  adapted,  having  the 
layer  of  hemp  placed  inside  the  cable,  surrounding  the  core,  while  the 
external  covering  was  formed  of  a  sheathing  of  copper  strips  wound 
spirally  on,  whereby  the  cable  was  completely  protected  from  the 
action  of  the  water  or  the  attacks  of  marine  animals. 

In  reference  to  the  description  given  in  the  paper  of  the  grappHng 
and  raising  of  the  previous  cable  of  1865,  as  shown  in  Fig.  6,  it 
appeared  that,  after  the  cable  had  been  first  grappled  and  buoyed  up 
at  B  to  a  height  of  about  900  fathoms  from  the  bottom,  the  Oreat 
Eastern  grappled  it  again  further  westward  and  raised  it  to  the 
surface  at  S,  where  the  splice  was  made,  and  the  paying  out  then 
commenced  of  the  additional  length  for  completing  the  cable  to 
Newfoundland ;  and  he  enquired  whether  the  state  of  the  cable  had 
been  examined  at  the  bight  B  where  it  had  been  buoyed,  and  whether 
it  exhibited  any  signs  of  injury  from  the  grapnel  pulhng  at  it  in 
that  part. 

Mr.  F.  G.  Wynne  said  that  he  had  been  on  board  the  Great 
Eastern  during  the  paying  out  of  the  new  cable,  and  afterwards 
on  board  the  Albany  which  grappled  in  concert  with  the  two  other 
ships.  After  the  splice  had  been  made  at  the  point  S  where 
the  cable  had  been  raised  to  the  surface,  the  paying  out  of  the 
additional  length  for  completing  the  cable  had  been  proceeded  with 
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at  once,  and  uo  examination  liad  been  made  of  tlio  biglit  B  where  the 
cable  had  been  gTa})pled  and  buoyed,  because  the  cable  was  proved 
to  be  electrically  perfect ;  and  there  was  no  fear  of  injuiy  having 
been  occasioned  to  the  outer  covering,  because  the  loose  end  brought 
up  by  the  Albany  showed  only  a  very  slight  indentation  where  it 
had  been  hooked  by  the  grapnel.  The  nautical  observations  taken 
in  1865  of  the  exact  position  of  the  broken  end,  though  of  great  use 
in  the  first  grappling  for  the  cable  in  1866,  were  not  used  in  the 
final  grappling,  w^hich  was  done  90  knots  eastward  of  the  first 
grappling;  this  was  in  order  to  avoid  a  deep  depression  in  the 
bottom  of  the  ocean,  and  also  because  the  Albany  had  brought  up 
a  2\  knots  length  of  cable  to  the  eastward  of  the  place  where  the 
Great  Eastern  had  first  grappled  and  raised  the  cable  to  the  surface  ; 
and  the  examination  of  this  piece  proved  that,  even  if  the  cable  had 
been  successfully  raised  where  first  grappled,  there  would  have  been 
no  communication  with  Ireland.  The  westward  end  of  the  length 
brought  up  by  the  Albany  was  found  to  have  the  copper  conductor 
corroded  to  a  length  of  about  \  inch  inwards  from  the  end ;  and 
as  this  corrosion  was  no  doubt  due  to  the  testing  from  Yalentia,  it 
showed  that  the  cable  must  have  been  broken  at  that  place  in  the 
previous  year's  operations,  and  the  other  end  had  no  doubt  been 
broken  in  the  grapphng  of  1866. 

In  the  paying  out  of  the  cable  from  thb  G^'eat  Eastern  and  the 
dragging  with  the  grapnel,  the  successful  working  of  the  dynamometers 
was  mainly  due  he  thought  to  the  steadiness  of  the  ship  itself;  but 
even  there  the  movement  was  so  great  when  grappling  in  bad 
weather  that  it  w^as  often  necessary  to  take  averages  of  ten  or  twelve 
successive  oscillations,  in  order  to  determine  accurately  enough  the 
strain  upon  the  grapnel  rope.  In  the  Mechuay  and  Albany  however,  on 
account  of  the  smaller  size  of  the  vessels  themselves,  the  dynamometers 
used  to  jerk  up  frequently  through  the  whole  range  of  the  index 
from  bottom  to  top,  with  such  violence  as  to  force  the  water  out  of 
the  top  of  the  w^ater  cylinder  and  render  it  useless,  so  that  it  had  to 
be  replenished  with  water  at  frequent  intervals,  sometimes  every  ten 
minutes. 
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In  the  new  cable  now  laid  across  tlie  Atlantic,  the  hemp  covering 
was  not  left  plain  throughout  the  entire  length,  but  there  were 
several  considerable  lengths  of  it  that  were  tarred.  During  the  paying 
out  of  the  untarred  portion  of  the  cable,  temporary  accidents  in  the 
tanks  containing  the  cable  were  not  unfrequent,  owing  he  behoved  to 
projecting  ends  of  wire  catching  in  loose  portions  of  the  hemp  covering 
of  the  adjacent  coil ;  but  in  consequence  of  the  care  and  promptitude 
of  the  men  in  instantly  catching  the  lifted  coil,  only  the  one  serious 
accident  occurred  that  was  mentioned  in  the  paper.  Loose  ends  of 
wire  were  also  frequently  detected  by  the  scratching  sound  they  made 
in  running  through  the  paying-out  machinery.  No  such  accident 
however  that  he  knew  of  occurred  with  the  tarred  portion  of  the 
cable,  in  which  the  tar  seemed  to  close  down  completely  the  loose 
bights  of  hemp  in  the  cable. 

With  regard  to  the  question  of  animal  life  at  the  bottom  of  the 
Atlantic,  he  had  seen  three  long  conical  shells,  two  of  which  were 
perfect,  brought  up  from  a  depth  of  2000  fathoms,  having  been 
entangled  in  the  grapnel  rope  of  the  Albany  ;  they  were  all  apparently 
of  the  same  species,  but  he  beheved  there  was  nothing  alive  in 
them.  It  appeared  that  the  grapnel  rope  must  have  passed  through 
a  considerable  number  of  them,  because  the  three  brought  up  were 
within  a  few  feet  of  one  another  on  the  rope.  Specimens  of  the 
worm  on  which  the  codfish  feeds  were  also  met  with  at  considerable 
depths  on  the  grapnel  rope,  but  these  might  have  been  caught  upon 
the  rope  while  hauling  it  up. 

The  President  remarked  that,  having  had  to  construct  the 
picking-up  machinery  on  the  Great  Eastern  and  the  engines  for 
driving  it,  which  were  non- condensing,  he  had  considered  it  important 
to  make  provision  for  extra  security  against  the  possibihty  of  any 
undue  strain  ever  coming  upon  the  cable  from  any  accidental  increase 
of  steam  pressure  in  the  engines,  as  they  were  of  rather  large  power 
for  the  work  they  had  to  do.  For  this  purpose  he  had  added  a  very 
large  safety  valve  upon  the  steam  pipe,  between  the  throttle-valve 
and  the  shde-valve  chest,  and  this  safety  valve  was  loaded  by  a 
spring  to  the  limit  of  pressure  of  steam  intended  to  be  supphed  to 
the  engines,  20  lbs.  per  square  inch ;  a  very  long  spiral  spring  was 
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used,  in  order  to  obtain  a  great  amount  of  elasticity,  so  that  if  the 
boiler  pressure  ever  rose  beyond  the  Hmit  of  20  lbs.,  the  excess  of 
pressure  would  not  be  able  to  reach  the  pistons  of  the  engines,  but 
would  be  carried  off  by  this  large  safety  valve. 

He  proposed  a  vote  of  thanks  to  Mr.  Elliot  for  the  paper,  which 
was  passed. 


The  following  paper  was  then  read 
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ON"  THE  COMPOSITION  AND  DURABILITY  OF 

LOCOMOTIVE  BOILER  TUBES 

IN   REFERENCE   TO    COAL-BURNING. 


By  Mr.  GEORGE  A.  EVERITT,  oj?  Biemingham. 


Tlie  question  of  Coal-biirning  in  locomotive  engines  and  its 
consequent  action  on  the  Copper  Fireboxes  and  Brass  Tubes  has 
drawn  attention  to  the  importance  of  ascertaining  the  best  alloy  of 
brass  for  the  tubes,  and  also  to  the  necessity  of  overcoming  the 
difficulties  often  experienced  from  the  copper  plates  of  the  fireboxes 
being  of  hard  or  brittle  quality ;  and  the  opinion  has  been  extensively 
held  that  the  duration  of  the  brass  tubes  and  copper  plates  has  been 
lessened  since  the  general  adoption  of  coa,l-burning  in  locomotives. 

Previous  to  the  year  1852  three  qualities  of  metal  were  recognised 
in  copper  smelting :  namely,  tile  copper,  tough  cake,  and  best 
selected  copper.  Of  these  the  tile  copper  was  the  lowest  quality,  and 
there  was  a  difference  in  cost  of  £2  per  ton  between  each  quality. 
The  best  selected  copper  is  produced  by  stripping  or  skimming  off 
the  upper  surface  of  the  melted  metal  in  the  smelting  process,  this 
portion  being  the  purest  quality  of  metal ;  the  upper  portion  of  the 
remaining  metal  formed  the  second  quality  or  tough  cake  copper ; 
while  the  tile  copper  was  the  residue  at  the  bottom  of  the  melting 
pot,  containing  the  largest  proportion  of  impurities.  In  1852  the 
description  called  tile  copper  was  discontinued,  and  the  other  two 
sorts  only  were  made,  namely  tough  cake,  and  best  selected  copper, 
with  a  difference  in  cost  of  £3  per  ton.  This  change  however  did 
not  prove  beneficial  in  respect  to  the  durabihty  of  copper  plates  and 
sheathing  made  from  the  new  description  of  tough  cake  copper, 
which  was  not  of  such  good  quality  as  previously ;  for  owing  to  the 
very  great  demand  for  best  selected  copper  for  the  manufacture  of 
Muntz's  metal  for  sheathing  and  of  brass  tubes  for  locomotives  &c.. 
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the  stripping  or  skimming  process  in  the  smelting  was  now  carried 
too  ftir,  the  cake  copper  being  seriously  robbed  by  the  greatly 
increased  proportion  of  metal  skimmed  off  to  form  the  best  selected 
copper,  whereby  the  remainder  was  left  inferior  in  quahty  to  what  it 
should  be,  and  httle  if  at  all  better  than  the  tile  copper  of  former 
years,  while  the  best  selected  copper  itself  was  also  injured  in  quality  _. 
by  containing  too  great  an  admixture  of  impurities. 

As  early  as  1858  it  was  found  at  Chatham  dockyard  that  the 
copper  sheathing  of  ships'  bottoms,  which  is  made  from  cake  copper, 
did  not  last  so  long  as  before  the  above  change ;  and  copper 
sheathing  which  had  been  in  use  only  two  years  was  found  to  have 
lost  as  much  as  14  per  cent,  of  its  weight ;  whereas  only  |-  per  cent. 
of  the  weight  had  been  lost  after  eighteen  years'  wear  of  copper 
sheathing  made  in  1825,  at  which  time  but  Httle  best  selected  copper 
was  made,  the  stripping  or  skimming  process  not  having  then  been 
introduced  to  any  considerable  extent.  At  the  present  time  the 
average  duration  of  the  copper  sheathing  on  ships'  bottoms  is 
reduced  to  only  three  or  four  years,  instead  of  from  twenty  to 
twenty-five  years  as  formerly,  owing  solely  it  is  believed  to  the 
extent  to  which  the  stripping  process  is  now  carried.  The  same 
explanation  probably  accounts  also  for  the  complaints  which  are 
frequently  made  that  the  copper  firebox  plates  for  locomotives  are 
found  inferior  in  quality  to  those  obtained  in  former  years. 

The  great  and  increasing  demand  for  best  selected  copper 
undoubtedly  caused  a  large  quantity  to  be  supplied  under  that 
designation  which  was  not  even  so  good  as  the  tough  cake  of 
former  years.  Attention  was  again  drawn  to  the  subject  at  Chatham 
dockyard  on  the  occasion  of  a  ship  which  had  lain  some  time  in 
the  harbour  being  suddenly  ordered  for  sea ;  the  brass  tubes  in  the 
boilers,  which  were  new,  were  then  found  to  be  leaky,  and  had  to  be 
taken  out  and  the  boilers  re-tubed  before  the  ship  could  proceed  to 
sea.  The  cause  of  this  and  other  similar  failures  was  considered  to 
be  that  the  copper  used  in  the  manufacture  of  the  tubes  must 
have  been  of  inferior  quality,  and  not  best  selected  as  it  ought  to 
have  been. 
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The  following  metliod  of  testing  was  consequently  adopted  by 
tlie  Admiralty  in  1865  for  ensuring  tlie  use  of  tlie  proper  quality  of 
copper  in  brass  boiler  tubes  for  marine  purposes.  Portions  of  several 
of  tlie  tubes  are  melted  in  a  crucible,  and  zinc  is  added  until  tbe 
compound  contains  as  nearly  as  possible  62  per  cent,  of  copper  and 
38  per  cent,  of  zinc,  wbicli  is  a  composition  that  can  be  rolled  hot 
and  appears  to  give  the  maximum  of  tensile  strength.  The  metal 
is  then  cast  into  an  ingot,  and  after  being  brought  to  a  low  red  heat 
in  an  annealing  furnace  is  rolled  out  into  a  plate  i  inch  thick,  from 
which  strips  are  cut  1  inch  wide.  If  the  proper  quality  of  copper 
has  been  used,  these  strips  then  stand  a  tensile  strain  of  at  least 
6  tons  each,  equal  to  24  tons  per  square  inch;  and  the  fracture 
when  broken  across  presents  a  silky  appearance  in  texture,  which 
cannot  be  obtained  if  common  tough  cake  copper  has  been  used,  or 
even  ordinary  selected  copper,  as  none  but  the  best  selected  copper 
gives  this  appearance  to  the  fracture.  As  the  quantity  of  copper 
contained  in  brass  tubes  is  much  in  excess  of  the  composition  here 
fixed  for  the  purpose  of  testing,  it  raay  appear  strange  to  add  zinc 
for  reducing  the  proportion  of  copper ;  but  the  reason  is  that  the 
richer  alloys  are  so  ductile  that  they  elongate  considerably  under  a 
tensile  strain,  and  will  not  stand  anything  like  the  breaking  strain  of 
24  tons  per  square  inch,  nor  will  the  test  composition  containing  the 
38  per  cent,  of  zinc  stand  the  test,  if  annealed  previous  to  testing. 
Another  advantage  in  adopting  the  lower  percentage  of  62  per 
cent,  of  copper  is  that  the  appearance  of  the  fracture  of  the  low 
alloy  gives  a  better  test  of  the  quahty  of  the  copper  than  a  richer 
composition  would  afford. 

From  a  number  of  experiments  upon  the  tensile  strength  of 
alloys  containing  the  above  proportions  of  62  per  cent,  of  copper 
and  38  per  cent,  of  zinc,  it  was  found  by  the  writer  that  only  a 
few  of  the  makes  of  best  selected  copper  taken  indiscriminately  came 
up  to  the  required  strength ;  and  a  quality  that  would  stand  the  test 
could  only  be  ensured  by  an  extra  price  for  the  copper.  At  the 
present  time  however  some  of  the  copper  smelters  have  accepted 
this  test,  and  produce  a  quahty  of  best  selected  copper  which  is 
quite  up  to  the  mark.     Great  benefit  has  certainly  been  derived  from 
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the  government  rcsearclies  in  this  naatter,  wliicli  have  undoubtedly 
caused  an  improvement  in  the  quaUty  of  best  selected  copper ;  and 
the  standard  test  above  described  is  now  invariably  adopted  by  the 
writer  for  all  best  selected  copper  used  in  the  manufactm^e  of  brass 
tubes  for  boilers. 

The  brass  tubes  in  most  general  use  at  the  present  time  for  loco- 
motive and  marine  boilers  are  known  as  solid-drawn  tubes,  consisting 
of  two  parts  of  copper  to  one  part  of  zinc,  which  proportion  becomes 
a  little  changed  in  the  process  of  manufacture,  owing  to  the  volatility 
of  the  zinc  when  melted :  and  on  analysis  the  writer  has  found  the 
composition  of  the  metal  to  be  copper  69  or  68  per  cent,  and  zinc 
31  or  32  per  cent.  The  question  arises  however  whether  this  is  the 
best  alloy  for  the  purpose,  and  whether  the  addition  of  more  copper 
would  not  increase  the  durability  of  the  tubes,  especially  in  resisting 
the  action  of  sulphui'  in  coal-burning  engines  with  bad  coal;  and 
the  writer  was  first  led  to  consider  this  question  by  finding  some 
years  ago  that  the  practice  on  all  the  French  railways  was  to  adopt 
a  standard  composition  containing  at  least  70  per  cent,  of  copper, 
which  was  adhered  to  for  all  locomotive  tubes.  In  this  country 
the  same  conclusion  has  been  arrived  at  on  the  North  Eastern 
Railway,  where  it  has  been  found  by  Mr.  Fletcher  after  more  than 
twenty  years'  experience  with  tubes  of  this  composition  that  they 
are  more  durable  than  those  containing  a  smaller  proportion  of 
copper;  and  consequently  all  the  tubes  for  that  railway  are  now 
required  to  contain  70  per  cent,  of  best  selected  copper  and  30  per 
cent,  of  best  Silesian  spelter.  The  actual  results  of  working  on  that 
Hne,  where  the  water  is  unusually  bad,  have  been  that  15  sets  of 
tubes  containing  70  per  cent,  of  copper  or  upwards  lasted  an  average 
of  87,808  miles  each;  while  the  average  of  54  sets  containing  a 
lower  proportion  of  copper  was  81,665  miles.  It  is  difiicult  however 
to  arrive  at  any  reliable  statistical  information  respecting  the 
duration  of  tubes,  as  it  is  materially  affected  by  the  quality  of 
the  water  used  in  the  boilers,  and  also  by  the  quality  of  the 
coal  as  regards  its  freedom  from  sulphur;  their  average  duration 
throughout  the  railways  of  this  country  may  be  taken  at  from 
100,000  to  150,000  miles. 

K 
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The  proportion  of  70  per  cent,  of  copper  is  considered  by  the 
writer  so  great  an  improvement  that  it  has  been  adopted  as  the 
composition  of  the  locomotive  tubes  of  his  own  manufacture ;  and 
this  opinion  is  confirmed  by  the  circumstance  that  the  alloys  of 
brass  used  for  other  purposes,  such  as  to  resist  the  action  of 
sulphur  and  acids,  are  always  made  with  this  or  even  a  higher 
percentage  of  copper.  Hitherto  the  composition  of  locomotive  tubes 
has  been  very  various,  the  percentage  of  copper  extending  down  to 
the  proportion  in  the  composition  known  as  Muntz's  metal,  which  is 
ductile  when  worked  hot  and  contains  60  per  cent,  of  copper  and 
40  per  cent,  of  zinc ;  and  one  advantage  which  will  attend  the 
adoption  of  a  standard  percentage  of  copper  in  boiler  tubes  vdll  be 
that  old  tubes  when  taken  out  of  the  boilers  will  have  a  certain 
definite  value  exactly  in  proportion  to  their  weight. 

The  question  of  the  best  thickness  of  metal  for  the  tubes  is  one 
of  much  importance,  and  one  on  which  great  diversity  of  practice  at 
present  exists  upon  the  difl^erent  railways ;  but  with  the  increased 
percentage  of  copper  in  the  composition  it  may  safely  be  assumed 
that  greater  ductility  will  be  obtained,  and  that  some  reduction  in 
thickness  of  tubes  may  be  made  without  diminishing  their  durability. 
The  thicknesses  of  tubes  range  from  as  much  as  9  and  13  wire-gauge 
("150  and  '095  inch)  at  the  thick  and  thin  ends  respectively,  down 
to  as  little  as  13  and  15  wire-gauge  ('095  and  '070  inch)  ;  the 
most  general  practice  of  the  leading  English  lines  being  about 
10  and  13  wire-gauge  ('135  and  '095  mch).  The  thickest  tubes, 
of  9  and  13  wire-gauge  ('150  and  '095  inch),  have  only  been  used 
regularly  on  one  or  two  railways ;  and  a  serious  difiiculty  having 
been  experienced  in  keeping  these  thick  tubes  tight  with  very  long 
fireboxes,  a  trial  has  been  made  at  the  writer's  suggestion  of  the  thin 
tubes  of  13  and  15  wire-gauge  for  that  purpose,  whereby  the  previous 
difficulty  of  keeping  the  tubes  tight  has  been  obviated.  The  relative 
durability  of  the  thinner  tubes  has  not  yet  been  proved ;  but  an 
important  saving  in  first  cost  is  effected,  the  thick  tubes  having 
weighed  26  lbs.  each  for  11  feet  length,  while  the  thin  tubes  weigh 
only    21    lbs.    each,    effecting    a  saving   on  a  set  of  150  tubes  of 
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750  lbs.  weiglit,  amonnting  to  £29  in  cost.  Very  good  results  have 
been  obtained  on  one  large  railway  with  these  thin  tubes  of  13 
and  15  wii'e-gauge  and  ly^  inch  external  diameter,  in  locomotives 
burning  coal  exclusively. 

The  greater  rigidity  of  the  thick  tubes  may  have  caused  the 
difficulty  previously  mentioned  of  keeping  them  tight,  the  thick 
tubes  not  yielding  so  readily  as  the  tliinner  ones  to  the  inevitable 
difference  in  expansion  of  the  brass  tubes  and  iron  boiler- shell.  That 
this  difference  in  expansion  is  a  point  of  importance  is  seen  from  the 
cii'cumstance  that  in  a  length  of  11  feet  the  expansion  of  iron  at 
350^  Falir.,  the  temperature  of  120  lbs.  steam,  is  |-  inch,  but  that 
of  brass  is  f  inch,  giving  a  difference  of  l-8th  inch,  which  has 
unavoidably  to  be  allowed  for  either  by  compression  of  the  metal  or 
by  lateral  springing  of  the  tubes.  On  many  railways  the  tubes  are 
now  annealed  throughout,  and  the  same  practice  has  also  been 
adopted  to  some  extent  by  the  Admiralty  for  marine  boiler  tubes  ; 
wliich  tends  to  show  that  softness  combined  with  great  ductility  is 
the  desideratum  needed. 

On  foreign  railways  it  may  be  remarked  that  a  different 
construction  of  tubes  has  been  extensively  tried,  namely  wrought- 
iron  tubes  with  copper  ends  brazed  on  at  the  firebox  end.  The 
copper  ends  are  bevilled  to  a  feather  edge  on  the  inside  and  the 
tube  ends  in  a  similar  manner  on  the  outside,  and  the  two  are  then 
brazed  together.  The  object  of  this  construction  is  to  give  the 
ductihty  of  copper  at  the  end  where  the  tubes  are  flanged  over  the 
firebox  tube-plate,  and  thus  to  overcome  the  difficulty  of  leakage, 
which  has  always  been  the  great  objection  to  iron  tubes  in  locomotives. 
Although  by  this  means  an  economy  is  effected  in  first  cost  by  the 
use  of  iron  tubes,  in  practice  the  saving  is  not  so  apparent ;  and  on 
many  foreign  railways  where  such  tubes  have  been  tried,  brass  tubes 
are  now  being  substituted  for  them.  On  one  railway  in  Russia 
tubes  of  copper  alone  are  used,  but  the  fuel  employed  in  that  case  is 
wood;  and  in  the  peat-burning  locomotives  on  the  Grand  Trunk 
Railway  of  Canada  brass  tubes  are  now  being  substituted  for  the 
iron  tubes  previously  tried. 
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Brass  tubes  are  found  to  suffer  serious  damage  from  long 
exposure  to  damp,  and  to  become  hard  or  brittle,  losing  tbeir 
ductility.  This  arises  possibly  from  the  circumstance  that  the 
injurious  action  known  to  be  produced  upon  brass  by  the 
sulphurous  acid  gas  present  in  the  atmosphere  of  towns  is  greatly 
dependent  upon  the  presence  of  moisture  in  the  atmosphere  j 
and  at  the  writer's  suggestion  the  stores  for  brass  locomotive  tubes 
have  in  some  cases  been  heated  and  enclosed,  with  advantageous 
results  in  preserving  the  tubes  from  damage. 


Mr,  EvERiTT  exhibited  a  number  of  specimens  of  the  testing  of 
brass,  and  showed  the  hydrauhc  press  in  action  by  which  the  testing 
of  the  samples  was  effected.  He  explained  that  the  practice  at  his 
own  works  in  testing  best  selected  copper  was  to  mix  6  lbs.  of  the 
copper  with  4  lbs.  of  best  Silesian  spelter,  whereby  the  proportions 
in  the  resultant  alloy  became  about  62  per  cent,  copper  and  38  per 
cent.  zinc.  This  was  then  rolled  down  into  a  plate  4  inches  wide 
and  of  exactly  j  inch  thickness,  which  was  cut  into  two  portions, 
one  being  left  hard  for  testing  the  tensile  strength,  and  the  other 
being  annealed  for  bending.  The  latter  was  bent  cold,  and  was 
required  to  stand  being  bent  over  completely  double  and  hammered 
close,  without  any  signs  of  cracking,  as  shown  in  the  specimens 
exhibited,  all  of  which  had  undergone  this  treatment  without  failing. 
The  hard  portion  of  the  test  plate  was  cut  down  in  the  centre  of  its 
length  to  a  width  of  exactly  ^  inch,  so  as  to  present  a  section  of 
l  X  ^  inch  or  l-8th  square  inch  to  be  ruptured  by  tension  ;  this  was 
then  fixed  in  the  hydraulic  press,  and  the  pressure  was  increased  till 
the  fracture  was  effected.  With  G2  per  cent,  of  copper  it  was  found 
that  the  specimens  required  a  tensile  strain  of  13,000  lbs.  to  break 
them,  equivalent  to  about  46  tons  per  square  inch  upon  the  initial 
section  ;  but  when  the  proportion  of  copper  was  increased  to  70  per 
cent.,  the  breaking  strain  became  reduced  by  the  greater  ductility  of 
the  metal  to  10,000  lbs.,  or  about  36  tons  per  square  inch  on  the 
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initial  section.  This  confirmed  tlie  plan  of  testing  prescribed  by  the 
Admiralty,  in  ^vliicli  zinc  was  required  to  be  added  to  the  alloy  nntil 
the  proportion  of  copper  was  reduced  to  62  per  cent.  The  specimens 
exhibited  of  the  test  pieces  all  showed  the  silky  appearance  of  fracture, 
which  indicated  that  the  quality  of  the  copper  was  of  the  required 
excellence.  He  showed  also  specimens  of  locomotive  boiler  tubes 
containing  70  per  cent,  of  copper,  of  which  the  ends  after  being 
annealed  had  been  flanged  over  when  cold,  for  the  purpose  of  testing 
the  ductility  of  the  metal ;  in  one  instance,  the  tube  being  2|  inches 
outside  diameter,  the  flange  had  been  spread  out  at  right  angles  to 
the  tube  to  3|  inches  diameter ;  and  in  another  tube  of  the  same 
diameter  the  flange  had  been  bent  completely  back  upon  the  tube  ; 
in  neither  case  were  there  any  signs  of  cracking  on  the  surface  of 
the  metal  or  at  the  edge  of  the  flange. 

Mr.  E.  A.  CowPER  considered  they  were  much  indebted  for  the 
description  given  in  the  paper  of  the  actual  proportions  of  copper 
and  zinc  employed  in  the  manufacture  of  brass  tubes  ;  and  the 
practical  experiments  that  had  been  described  and  exhibited  appeared 
conclusive  as  to  the  value  of  the  increased  percentage  of  copper  in 
boiler  tubes,  and  the  importance  of  testing  the  quality  of  the  copper. 
It  was  clear  that  some  definite  proportion  of  copper  and  zinc  must 
be  better  than  others  for  boiler  tubes  ;  and  it  was  very  desirable 
therefore  that  the  best  proportion  should  be  adhered  to  in  all  cases, 
instead  of  tubes  being  made  as  hitherto  of  a  variety  of  difierent 
compositions.  In  the  case  of  gunmetal  for  bearings  &c.  it  was 
usually  the  practice  to  specify  beforehand  the  exact  proportions  of 
metal  to  be  employed ;  and  it  would  be  desirable  for  the  same  plan  to 
be  carried  out  in  respect  to  the  composition  of  boiler  tubes.  In  the 
investigation  made  by  government  respecting  the  quality  of  the 
copper  employed  for  sheathing  of  ships  and  for  marine  boiler  tubes, 
he  understood  it  had  been  stated  that  the  decline  in  the  quahty  of 
best  selected  copper  dated  from  the  introduction  of  a  great  many 
sorts  of  foreign  copper  ore,  particularly  those  from  Australia  and 
Peru,  containing  difierent  sorts  of  impurities  ;  and  that  it  was  no 
longer  possible  to  get  best  selected  copper  made  from  Cornish  ores 
alone,  wliich  were  more  free  from  impurities  than  Austrahan  ores. 


64  LOCOMOTIVE    BOILEE   TUBES. 

The  presence  however  of  a  small  percentage  of  phosphorus  in  copper 
proved  an  advantage  he  believed,  by  increasing  the  ductility  of  the 
metal,  though  damaging  it  for  electrical  purposes. 

Mr,  EvERiTT  thonght  it  w^as  not  the  quality  of  the  best  selected 
copper  so  much  as  the  quality  of  the  residue  which  had  deteriorated 
in  comparison  with  former  years  ;  and  although  by  mixing  with  the 
Cornish  ores  the  Australian  and  Chilian,  containing  a  great  variety 
of  impurities,  a  less  pure  quahty  of  metal  was  produced  than  had 
previously  been  obtained  from  the  less  rich  but  purer  Cornish  ores, 
there  was  no  doubt  that  it  was  possible  at  the  present  time  to  make 
as  good  a  quality  of  best  selected  copper  as  had  ever  been  made,  or 
even  better.  But  the  real  difficulty  was  that  so  much  best  selected 
copper  was  wanted  that  the  metal  was  stripped  to  such  an  extent 
in  the  melting  process  as  to  cause  the  quality  to  be  very  much 
deteriorated,  both  of  the  best  selected  copper  itself,  and  especially  of 
the  inferior  description  left  behind,  or  cake  copper,  which  was  the 
quality  employed  for  the  copper  sheathing  of  ships. 

Mr.  S.  Crosby  remarked  that  at  the  commencement  of  the 
manufacture  of  the  late  Mr.  Green's  solid- drawn  tubes  in  1841  the 
only  copper  used  was  that  obtained  from  Messrs.  Sims  Willyams 
and  Co.,  which  was  the  best  that  could  be  procured  at  the  time 
and  considerably  more  expensive  than  the  other  qualities.  But  of 
late  years  some  very  inferior  material  had  been  made  as  best  selected 
copper,  which  had  consequently  produced  a  serious  difference  in.  the 
quahty  of  the  tubes  manufactured  from  it,  although  no  alteration 
had  been  made  in  the  proportions  originally  adopted  by  Mr.  Green 
of  2  parts  copper  to  1  part  zinc.  The  extent  to  which  this 
deterioration  was  carried  led  at  length  to  the  investigation  of  the 
subject  by  government,  originating  in  the  discovery  of  the  circumstance 
mentioned  in.  the  paper,  that  the  tubes  in  a  steamer  which  had  lain 
by  for  a  long  time  had  become  rotten  :  this  was  a  liability  to  which 
all  brass  tubes  were  exposed,  when  kept  in  a  damp  situation,  and 
particularly  when  also  made  of  an  inferior  quahty  or  lower  proportion 
of  copper.  Until  that  investigation  the  difference  in  the  durability 
of  boiler  tubes  had  never  been  ascribed  by  the  users  of  the  tubes 
to  the  difference  in  the  quality  of  the  copper  employed,  but  solely 
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to  the  proportionate  composition  of  the  brass,  Tlie  result  of  the 
experiments  then  made  at  Woolwich  had  been  the  estabhshment 
of  the  system  of  testing  described  in  the  paper  for  ascertaining  the 
quahty  of  the  best  selected  copper ;  and  also  the  adoption  of  the 
same  proportion  of  copper  and  zinc  for  marine  boiler  tubes,  namely 
2  to  1,  that  had  been  throughout  used  by  Mr.  Green.  With  this 
proportion,  if  the  quality  of  the  copper  was  sufficiently  good  to  stand 
the  prescribed  test,  and  if  it  was  also  mixed  with  the  best  Silesian 
spelter,  the  tubes  manufactured  from  the  alloy  would  certainly  prove 
thoroughly  satisfactory  as  far  as  marine  boilers  were  concerned.  In 
regard  to  locomotive  boilers,  although  the  same  proportion  was  as  a 
rule  satisfactory  in  this  case  also,  there  were  unquestionably  some 
railways  upon  which  a  considerably  higher  proportion  than  Q7  per 
cent,  of  copper  was  necessary  in  the  tubes,  even  with  the  very  best 
copper  that  could  be  obtained ;  but  he  could  not  say  whether  this 
arose  from  any  excess  of  sulphui'  in  the  coal  burnt  in  those  engines, 
or  from  some  other  cause  not  yet  clearly  ascertained. 

With  respect  to  the  thickness  of  metal  in  locomotive  boiler  tubes, 
the  original  dimensions  adopted  by  Mr.  Green,  by  whom  the  plan 
was  introduced  of  making  the  tubes  taper  in  thickness,  had  been 
No.  12  wire-gauge  ("llO  inch)  at  one  end,  tapering  to  No.  14  ('085 
inch)  at  the  other.  Previous  to  that  time  all  locomotive  tubes  had 
been  parallel  in  thickness  throughout  the  entire  length,  the  thickness 
being  No.  14  ("OSS  inch)  or  thicker.  Subsequently  on  the  Liverpool 
and  Manchester  Railway  a  thiclcaess  tapering  from  Nos.  10  to  13 
(•135  to  "095  inch)  had  been  adopted  by  Mr.-Dewrance,  after  going 
carefully  into  the  matter  ;  and  he  beheved  this  section  had  continued 
to  the  present  time  to  be  the  one  in  general  use  upon  most  railways. 
On  the  Bristol  and  Exeter  Ime  Nos.  9  to  13  (150  to  '095  inch)  were 
the  dimensions  used  until  recently ;  but  in  that  district  also  the  behef 
had  lately  been  gaining  ground  that  thinner  tubes  would  answer  the 
purpose  equally  well,  particularly  where  the  coal  employed  was  of 
sucli  an  excellent  description  as  that  obtained  from  South  Wales. 

The  President  observed  that,  in  reference  to  the  case  that  had 
been  mentioned  of  the  failure  of  marine  boiler  tubes  after  standinsr 
idle  for  a  length  of  time,  he  had  also  met  with  an  instance  of  the 
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same  sort,  wliere  tlie  tubes  had  become  very  brittle  after  being  left 
for  a  considerable  time  w^ithont  getting  up  steam  in  the  boiler  ;  and 
the  reason  appeared  to  be  that,  as  the  boiler  was  covered  with  felt, 
there  was  always  a  slight  dampness  remaining  inside  around  the  tubes, 
although  they  were  not  actually  surrounded  v^th  water.  He  enquired 
whether  it  was  anticipated  that  the  use  of  a  higher  percentage  of 
copper  would  obviate  this  liability  to  rusting  in  marine  boiler  tubes 
when  standing  idle.  In  locomotive  boilers  the  tubes  were  worked  so 
much  more  severely  than  in  marine  boilers  that  any  means  of 
increasing  their  durabihty  was  of  great  importance,  even  if  it  involved 
some  increase  in  first  cost  of  tubes. 

Mr.  EvERiTT  believed  that  the  use  of  a  larger  proportion  of  copper 
in  the  tubes  would  render  them,  less  liable  to  rusting  in  marine 
boilers,  when  left  standing  in  a  damp  atmosphere  for  a  length  of 
time. 

Mr.  J.  Fernie  thought  the  paper  that  had  been  read  was  one  of 
much  value  in  supplying  practical  data  respecting  the  composition  of 
boiler  tubes  ;  and  the  question  of  the  quality  of  best  selected  copper 
was  one  of  great  importance  also  in  the  manufacture  of  gunmetal 
bearings  for  journals,  consisting  of  an  alloy  of  copper  zinc  and  tin. 
In  consequence  of  the  frequent  heating  of  railway  carriage  and  wagon 
journals,  he  had  himself  made  a  number  of  experiments  some  years 
ago  upon  the  composition  of  the  gunmetal  bearings  ;  and  he  had 
found  great  difficulty  in  obtaining  a  quality  of  copper  good  enough 
for  making  the  required  description  of  gunmetal,  which  was  owing 
without  doubt  to  the  excessive  stripping  for  the  production  of  the 
best  selected  copper. 

Mr.  A.  MuNTZ  believed  that  the  composition  of  the  best  alloy  for 
brass  boiler  tubes  depended  a  great  deal  upon  the  quahty  of  the 
water  and  coal  used  for  working  the  boiler.  If  the  water  were  at  all 
of  an  acid  character,  it  would  not  do  to  have  tubes  containing  a  very 
low  percentage  of  copper,  because  they  would  become  brittle  ;  but 
any  copper  that  was  introduced  beyond  the  percentage  necessary  to 
prevent  the  tubes  from  becoming  brittle  under  the  action  of  acid, 
which  he  considered  to  be  about  62  per  cent.,  would  reduce  the 
durabihty  of  the  tubes,  because  the  sulphur  contained  in  the  fuel 
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would  act  upon  them  more  rapidly,  and  the  metal  being  softei;  would 
wear  away  sooner  from  the  mechanical  action  of  the  blast. 

In  reference  to  the  case  mentioned  in  the  paper  of  copper 
sheathing  made  in  1825  which  had  lost  only  j  per  cent,  of  its  weight 
after  eighteen  years'  wear,  he  was  not  able  to  understand  how  the 
loss  of  weight  could  have  been  so  small  during  that  length  of  time  ; 
because  T\dth  the  present  metal  sheathing  composed  of  cojoper  and 
zinc  it  was  found  that  if  the  metal  was  too  poor,  containing  too 
small  a  percentage  of  copper,  the  ship's  bottom  fouled,  from  not 
oxidising  sufficiently;  and  if  the  metal  was  too  rich  in  copper,  it 
oxidised  too  rapidly,  and  would  thereby  become  speedily  worn  away. 
If  therefore  any  sheathing  had  remained  many  years  on  a  vessel,  he 
thought  it  would  either  have  fouled  to  a  great  extent,  or  have  lost 
a  great  portion  of  its  weight  by  oxidation. 

Mr.  E.  A.  CowPER  observed  that  the  case  mentioned  in  the  paper 
was  by  no  means  a  solitary  one,  in  respect  to  the  durability  of  copper 
sheathing  on  ships  in  former  years,  as  there  were  many  instances  of 
old  copper  sheathing  that  had  worn  for  fifteen  years  and  upwards ; 
whereas  copper  sheathing  made  at  the  present  time  had  an  average 
duration  of  only  four  or  five  years,  and  there  w^ere  many  cases  in 
which  bad  copper  sheathing  had  had  to  be  stripped  ofi"  after  only  a 
few  months'  wear. 

The  President  moved  a  vote  of  thanks  to  Mr.  Everitt  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated ;  and  in  the  evening  a  number  of 
the  Members  dined  together  in  celebration  of  the  Twentieth 
Anniversary  of  the  Institution. 


VENTILATION     OF    PUBLIC     BUILDINGS.        P/<ih'    /? 


(nnsr/'vafou:^     /rii/x'?'?*^//     dt'A'     Arf.s-     >'f     A/Z/n'^S,    /'^fr/.v. 


FicT-     5.       PJcin         o^     Jias'eTneml>. 


f/'/ruy.rr/jju/,v  Tff.it.  M.  :E.  7S'6'7.   Par/e   <3J 

JP         S  O  lO  so  ,3(1 

ij  i  I  I T  I  I  I  '  I I 


40 


Sca7^   Vuw-^' 
so  (U)  70 


so  Feet. 


VENTILATION    OF    PUBLIC    BUILDINGS.  /'/afr  /X 

/on.wrta  fotrc    /ntprrfa/    t/i\s'    ^Ir^.v    ft     Afefi^fA- .     /*tf/-r.v. 


Fid.  0.     /*/ft/t    (iT  J^oof  o/^  Lecliwe     7Vtf^(i//v. 


Fip".    /.       Trafi.sveriC       S'rrf/on       at        XX. 


Fig.     8.     riccny. 


Tj}h-,u-,7rril»,M7,-/w»m»r>/>TC"'--fmm^^^^ 


fPfocer.Jxn^s   Jn.st.  M U.    1SG7.   Prufe.    GIJ 


S'cfilA    VSOO^ 


wTeeZ. 


VENTILATION    OF  PUBLIC    BUILDINGS.  J'/ofr  Ik 


T/tra/rc         L  \  /i  an  c  ^       /\t/fs. 


Fio".      !).  Vrifir(tl       Serf  ion 


fl^oreediru/s      Irtsl.     M  E.    76'67.   J'ar/e     6lJ  Scccle    V-^OO  ^^'^ 

70 »jJFeet. 


20      .y       f) 


■40  .10 


.^o  f:r. 


^ 


si 


1^1 


1 

CO    o 

o    ^ 

O    bo 

Q     i^ 

z 

h 
< 
o 

-I 


eg 


V5 
I 


^  ' 


bo 


X 

^ 


"s 


is: 

o 
o 

Q 


bo 


'oc 


CM 

So 

•H 


z 

< 

o 


.i 


00 

o 
o 

o 

o 

z 

H 
< 
o 


"^ 


PROCEEDINGS 


4,  5,  AND  6  June,  1867. 


The  Annual  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Conservatoire  Imperial  des  Arts  et  Metiers,  Paris,  on 
Tuesday,  4th  June,  1867 ;  John  Penn,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Ballot  Lists  had  been  opened, 
and  the  following  New  Members  were  duly  elected : — 


members. 

James  Chapman  Amos, 

Charles  James  Appleby, 

Thomas  Welch  Barrows, 

Capt.  Frederick  Beaumont,  R.E., 

George  Bernhardt, 

John  James  Bleckly,     . 

Samuel  Chatwood,    . 

William  Clark,     . 

Francis  Christopher  Cockey,    . 

William  Langton  Coke, 

Thomas  Fardon, 

Edward  Field, 

Lavington  Evans  Fletcher, 

William  Lyster  Holt,  . 

Thomas  Ellwood  Horton, 

Robert  Luke  Howard,  . 

John  Kellett,  .... 

Henry  Lawrence, 

Charles  Lloyd, 

William  Mather, 


London. 

London. 

Banbury. 

London. 

Manchester. 

Warrington. 

Bolton. 

London. 

Frome. 

Neath. 

Leighton  Buzzard. 

London. 

Manchester. 

Neath. 

Lilleshall. 

London. 

Wigan. 

Newcastle-  on-  Tyne . 

London. 

Manchester. 
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James  McEwen, 

Stourbridge. 

Lewis  Olrick, 

London. 

Daniel  Pidgeon, 

Banbury. 

Samuel  Radcliffe  Platt, 

Oldliam. 

John  Pratchitt, 

Carlisle. 

Joseph  Ruston, 

Lincoln. 

Charles  James  Sharpe,     . 

London. 

John  W.  Spencer, 

Newcastle-on-Tyne 

Robert  Stevenson,  . 

Clay  Cross. 

Henry  Swingler, 

Derby. 

Edmund  Tonks, 

Birmingham. 

Henry  Turner, 

London. 

Ralph  Hart  Tweddell,     . 

Sunderland. 

Charles  Clement  Walker,   . 

Donnington. 

W  illiam  John  Laverick  Watkin 

,  Wigan. 

Thomas  Aldridge  Weston,    . 

Birmingham. 

Thomas  Wheatley,  . 

Edinburgh. 

Henry  Wilson, 

Stockton-on-Tees. 

associates. 

William  Blinkhorn, 

St.  Helen's. 

John  Bonny  Dewhurst, 

Skipton. 

William  Alexander  Neave, 

Leeds. 

Thomas  Roe,  Jun,, 

Derby. 

graduates. 

Nevil  John  Cuss, 

Swindon. 

James  Charles  Downes, 

Derby. 

Sidney  Flavel,  Jun., 

Tipton. 

Henry  Walker  Hill,    . 

Nottingham. 

George  Holland, 

Manchester. 

John  Mitchell,     . 

Barnsley. 

John  Edward  Pearson,     . 

Wigan. 

Howard  William  Warden,    . 

Tipton. 

The  following  paper,  by  General  Morin,  Membre  de  I'lnstitut, 
Director  of  the  Conservatoire  Imperial  des  Arts  et  Metiers,  was  then 
read : — 
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ON  THE  VENTILATION  OF  PUBLIC  BUILDINGS. 


By  general  MORIN. 


Tlio  renewal  of  air  in  buildings  is  only  rendered  necessary  by 
the  vitiation  resulting  from  the  respiration  and  exhalations  of  the 
occupants,  and  by  the  accumulation  of  the  products  of  combustion 
from  artificial  lighting ;  and  the  writer  has  been  led  by  his  own 
observations  and  the  consideration  of  the  results  obtained  by 
others  to  the  following  conclusions  as  to  the  principles  on  which  the 
ventilation  of  buildings  should  be  based  : — 

First — Ventilation  consists  in  getting  rid  of  all  vitiated  air  and 
replacing  it  by  fresh  air. 

Secondly — The  principal  object  of  ventilation  is  to  get  rid  at 
once  of  all  vitiated  air.  It  ought  to  be  removed  in  general  from 
the  point  nearest  to  the  place  where  the  vitiation  takes  place, 
in  order  to  prevent  any  further  diffusion  into  the  room  ;  and  on  the 
contrary  fresh  air  ought  to  be  introduced  at  the  point  furthest 
removed  from  the  occupants  of  the  room. 

Thirdly — The  different  arrangements  that  proceed  by  Suction, 
•when  well  proportioned  and  well  carried  out,  are  more  effectual  than 
those  which  depend  exclusively  on  blowing  in  the  fresh  air,  as  the 
latter  do  not  in  every  instance  and  at  all  times  ensure  the  vitiated 
air  being  uniformly  and  continuously  expelled. 

Fourthly — The  quantity  of  fresh  air  required,  whatever  may  be 
the  height  from  which  it  has  to  be  drawn,  and  whatever  the  quantity, 
can  be  obtained  by  suction  alone,  and  without  the  aid  of  any  blowing 
apparatus,  by  giving  to  the  inlet  openings  for  the  fresh  air  sufiiciently 
large  dimensions,  and  by  suitable  arrangement. 

Fifthly — Suction  can  easily  be  obtained  either  by  means  of  tht 
ordinary  open  fireplaces  with  chimneys  or  similar  heating  apparatus, 
or   by   means   of  special    fireplaces    placed    at   the  bottom    of  the 
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exhausting  flues  and  acting  as  auxiliaries  wlien  the  rooms  are  large. 
The  air  to  be  removed  ought  to  flow  towards  the  bottom  of  these 
fireplaces,  and  wherever  possible  by  means  of  special  air  flues 
leading  from  openings  close  to  the  sources  of  vitiation. 

Sixthly — Ventilation  by  suction  by  means  of  fireplaces  and 
chimneys  can  be  adapted  to  the  proportions  and  arrangements  of  every 
kind  of  room,  as  it  resembles  the  ordinary  and  natural  ventilation  of 
rooms,  and  the  volume  and  temperature  of  the  fresh  air  supplied  can 
be  varied  as  required.  It  only  requires  the  construction  at  a  small 
expense  of  fireplaces  with  their  chimneys,  and  of  air  flues,  which 
when  once  constructed  cost  but  little  to  keep  up  ;  and  also  the 
regular  feeding  of  the  fireplaces,  which  any  common  attendant  is 
competent  to  do.  On  the  contra^ry,  ventilation  by  means  of  blowing 
or  other  mechanical  apparatus  necessitates,  besides  the  flues  and 
chimneys  common  to  both  systems,  the  addition  of  blowing  machines 
and  engines  with  special  air  passages,  special  artisans,  engineers, 
and  firemen,  and  involves  an  extra  cost  for  keeping  up. 

SeventJily — In  hospitals  with  several  stories,  the  blowing-in 
system  does  not  afibrd  the  same  guarantee  as  that  of  suction  against 
the  difiusion  of  the  vitiated  air  from  one  room  to  another  through 
the  openings  of  the  discharging  flues,  when  it  happens  that  the 
pressure  and  movement  of  the  air  of  the  room  are  disturbed  by  the 
opening  of  doors  and  windows. 

Suction  produced  by  simple  fireplaces  and  chimneys,  with 
sufficient  area  of  opening  for  allowing  the  fresh  air  to  replace  the 
vitiated  air,  and  v/ithout  any  mechanical  apparatus,  is  consequently 
the  most  desirable  means  in  the  writer's  opinion  for  effecting  the 
ventilation  of  buildings,  except  in  rare  cases ;  and  where  special 
circumstances  may  necessitate  the  forcing  in  of  fresh  air  by 
mechanical  means,  the  action  of  a  strong  suction  should  also  be 
added.  This  necessity  never  occurs  in  buildings  where  a  continuous 
supply  and  removal  of  a  nearly  uniform  quantity  of  air  is  required, 
but  only  when  on  the  contrary  this  service  has  to  be  varied 
frequently  between  difierent  portions  of  the  same  building,  and  when 
the  quantities  of  air  to  be  removed  differ  greatly  from  one  day  or 
from  one  hour  to  another ;  as  in  the  case  of  the  St.  George's  Hall, 
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Liverpool,  where  inechanical  ventilation  exclusively  is  adopted,  and 
the  quantity  of  air  required  varies  in  the  extreme  proportion  of 
1  to  50.  In  such  cases  it  may  become  necessary,  or  at  least  useful, 
to  employ  mechanical  apparatus  in  addition  to  the  action  of  suction, 
in  oi'der  to  ensure  a  sufficient  supply  of  fresh  air. 


The  following  proportions  for  the  quantity  of  air  required  to  be 
supplied  per  hour  for  each  person  are  based  upon  the  results  of  a 
large  number  of  experiments  by  different  observers,  and  though 
higher  than  the  rates  formerly  adopted  are  not  in  the  writer's  opinion 
at  all  exaggerated  : — 


Hospitals  for  ordinary  patients 
Ditto,      in  cases  of  epidemic 

Workshops,  ordinary  trades 
Ditto,         unhealthy  trades 

Prisons  . 

Theatres 

Meeting  Halls 

Schools  for  Children 
Ditto,       Adults 


2000  to  2i00  Cubic  Feet. 

5000 

2000 

3500 

1700 

1400  „  1700 

1000  „  2000 

400  „     500 

800  „  1000 


The  temperature  of  the  air  in  places  abundantly  ventilated,  and 
having  a  continuous  renewal  of  the  air,  can  be  alloAved  to  be  main- 
tained at  a  higher  point  than  in  rooms  not  well  ventilated  ;  but  as  a 
general  rule  the  temperature  should  not  exceed,  in 


Hospitals  ..... 
Workshops,  Barracks,  and  Prisons 
Schools  ..... 
Meeting  Rooms  .... 
Theatres       ..... 


61°  to  6i°  Fahr. 

59° 

66°  „  68°     „ 

66°  „  72°     „ 
68°  „  72°     „ 


The  fresh  air  supplied  should  be  at  nearly  the  same  temperature 
as  the  one  to  be  maintained  in  the  room  ;  but  this  has  to  be  increased 
to  as  high  as  85°  or  95°  Fahr.,  if  there  is  a  large  cooling  surface 
of  glass ;  or  to  be  diminished  where  the  room  is  heated  by  a  large 
number  of  lights  or  a  large  concourse  of  persons.  For  the  purpose 
of  regulating  the  temperature,  the  supplied  air,  warmed  by  some 
heating  apparatus,  has  to  be  received  first  into  a  chamber  into  which 
cold  air  can  be  introduced  for  mixing  with  it. 
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The  following  relations  between  the  volume  and  temperature  of 
tlie  air  and  the  areas  of  the  air  flues  have  been  obtained  from  theory 
and  practice  combined  : — 

Y  =  C   a/  (T  —  T ')"  H 


Q  =  CA  a/  (T  —  T')  H 
In  which  A  =  sectional  area  of  the  exhausting  flue, 
H  =  height  of  exhausting  flue. 
T   =  average  temperature  of  air  in  flue. 
T'  =  temperature  of  external  air. 
C   =  coefficient,  constant  for  each  air  flue  as  regards 

its  proportions  and  arrangement. 
V  =  average  velocity  of  air  in  the  flue. 
Q   =  volume  of  air  passed  per  second. 

The  results  derived  from  these  relations  are  that  the  velocity  of 
the  escaping  current  is  proportional  to  the  square  root  of  the  excess 
of  the  temperature  of  the  heated  air  in  the  flue  over  the  external  air, 
and  also  to  the  square  root  of  the  height  of  the  flue  or  chimney ;  and 
the  volume  of  air  extracted  is  consequently  proportional  in  addition 
to  the  sectional  area  of  the  flue. 

The  position  of  the  openings  for  the  admission  and  removal  of 
the  air  is  a  point  of  great  importance ;  and  none  of  these  should  be 
made  at  the  level  of  the  floor,  as  is  too  often  the  case,  because  they 
are  then  exposed  to  obstruction  by  sweepings  and  rubbish  from  the 
floor.  The  openings  for  the  admission  of  fresh  air,  whether  warm  or 
cold,  should  be  placed  near  the  ceiling,  or  at  such  a  height  that  no 
person  may  receive  the  impression  of  a  draught.  The  openings  for 
the  abstraction  of  the  air  should  on  the  contrary  be  placed  generally 
in  the  lower  part  of  the  room. 

The  velocity  of  the  air  should  continually  increase  through  the 
several  passages  of  the  building,  from  its  entrance  to  its  final 
discharge,  which  is  best  eflected  by  the  use  of  a  single  shaft  for 
takino'  off  the  air  from  the  whole  building ;  and  the  velocities  should 
be  about — 

2*3  to  2'9  feet  per  second  at  the  entrance 
3-3    „   39         „  „        in  the  first  passage 

4-3    ,,    4-6         „  ,,        in  the  second  passage 

5*9    ,,    6-6         „  „        in  the  discharging  shaft. 


1 


VENTILATION    OK    I'UBLIO    BUILDINGS.  G5 

These  speeds  can  be  easily  obtained  in  most  cases  by  an  excess  of 
70*^  to  80°  in  the  temperature  of  the  discharging  shaft  over  the 
external  air,  except  in  the  case  of  theatres,  where  a .  difference  of 
95°  to  105°  is  required,  on  account  of  the  complication  of  the 
passages.  When  the  supply  openings  are  in  the  ceiHng,  so  that  the  air 
descends  vertically,  the  velocity  of  the  current  entering  through  them 
should  not  exceed  1'6  feet  per  second ;  but  when  the  air  enters  at  the 
sides  of  the  room  at  a  considerable  height  the  velocity  may  be  as  high 
as  3"3  feet  per  second  without  causing  inconvenience.  The  plan  of 
ventilation  by  suction  has  been  objected  to  as  causing  objectionable 
draughts  of  air  when  doors  are  opened  communicating  with  the 
exterior ;  but  this  sensation  of  draughts  is  got  rid  of  when  suitable 
proportions  are  adopted,  and  when  care  is  taken  that  the  passages 
communicating  with  the  exterior  are  suitably  warmed.  The  ordinary 
chimneys  of  houses  produce  in  many  cases  a  sufficient  abstraction  of 
air  even  -without  a  fire,  from  the  ordinary  difference  of  temperature 
between  the  internal  and  external  air ;  and  this  ventilating  power 
can  easily  be  increased  by  introducing  into  the  chimney  a  vertical 
pipe  containing  a  few  gas  burners. 

An  example  of  the  application  to  a  large  building  of  the  prinpiples 
of  ventilation  described  in  the  present  paper  is  shown  in  Figs.  1  to  3, 
Plate  11,  which  represent  the  Public  School  in  the  Rue  des  Petits 
Hotels  in  Paris.  This  building  contains  an  elementary  school  A  A 
for  400  childi^en,  and  a  drawing  school  B  for  270  pupils.  The 
ventilation  is  at  the  rate  of  350  cubic  feet  per  hour  per  person,  and 
the  warming  is  effected  by  two  heating  stoves  C  C  with  vertical 
tubes.  The  warmed  air  is  supplied  to  each  story  by  three  vertical 
channels  D,  which  discharge  into  a  long  wide  .passage  E  extending 
the  whole  length  of  the  rooms,  and  iato  this  passage  external  cold 
air  can  be  admitted  to  regulate  the  temperature.  The  supply  of  air 
flows  into  the  rooms  horizontally  near  the  ceilings,  as  shown  by  the 
arrows. 

The  rooms  of  the  drawing  school  B  are  open  at  night,  and  offer 
special  difficulties  in  ventilation,  from  the  large  number  of  gas 
burners  in  use.     The  plan  of  abstracting  the  vitiated  air  close  to  the 
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floor  cannot  be  exclusively  applied  in  this  case,  as  it  would  cause  the 
discomfort  of  pouring  down  air  of  85°  to  95°  temperature  upon  the 
heads  of  the  occupants.  It  is  necessary  therefore  to  allow  the  heated 
gases  from  the  combustion  of  the  lights  to  escape  through  the 
openings  F  in  the  ceiling,  but  at  the  same  time  fresh  air  is  made  to 
enter  at  the  sides  near  the  ceiling.  In  such  cases,  when  the  room 
has  not  attics  above  it  through  which  the  outlet  openings  in  the 
ceihngs  can  discharge,  special  flues  are  required  to  be  made  for  this 
purpose,  and  these  should  be  situated  as  far  as  possible  from  the 
points  where  the  admission  of  fresh  air  takes  place.  By  means  of 
this  plan  of  ventilation  the  temperature  of  the  above  rooms  has  been 
maintained  until  10  o'clock  at  night  at  71°  at  a  height  of  5  feet 
above  the  floor,  and  at  an  average  of  75°  near  the  ceihng ;  but 
before  this  plan  was  adopted  these  temperatures  were  80'^  and  91° 
respectively. 

The  discharge  openings  should  be  made  along  both  of  the  longer 
sides  of  the  room,  as  shown  at  G  G  in  Fig.  1,  and  should  be  as 
numerous  as  possible ;  and  their  total  effective  area  should  be  such  as 
to  limit  the  velocity  of  the  air  passing  through  them  to  2 "3  feet  per 
second.  They  communicate  with  descending  passages  H,  converging 
below  into  a  main  discharge  passage  K  leading  to  the  bottom  of  the 
discharging  shaft  J.  The  chimney  pipes  I  from  the  hot-air  stoves  C 
are  made  to  pass  up  this  shaft  for  assisting  the  draught,  but  a  small 
fire  L  at  the  bottom  of  the  shaft  is  also  requisite. 

An  example  of  the  ventilation  of  a  large  meeting  room  is  shown 
in  Figs.  4  to  7,  Plates  12  and  13,  representing  the  Lecture  Theatre 
of  the  Conservatoire  des  Arts  et  Metiers  (in  which  the  present 
meeting  is  held)  and  in  which  the  ventilation  arrangements  have 
been  carried  out  by  the  writer,  and  have  been  satisfactorily  working 
for  the  last  four  years. 

The  vitiated  air  is  taken  off  through  a  large  number  of  orifices 
made  in  the  risers  of  the  steps  A  A,  Fig.  4,  opening  into  the  space  B 
below  the  seats,  which  communicates  by  an  outlet  passage  C,  Fig.  5, 
with  the  discharging  shaft  D  ;  the  requisite  draught  is  maintained  in 
the  shaft  D  by  means  of  a  fire  at  the  bottom,  dampers  being  placed 


VENTILATION    OF    PUBLIC    BUILDINGS.  (37 

in  the  passage  C  to  moderate  the  current  of  tlie  air.  The  supply  of 
fresh  air  is  introduced  from  a  mixing  chamber  B  in  the  roof,  and 
enters  the  lecture  theatre  through  openings  F  F  distributed  over  the 
surface  of  the  ceiling. 

In  such  buildings  the  ventilation  should  provide  an  amount  of 
1000  cubic  feet  of  au'  per  hour  for  each  person,  and  the  area  of 
openings  for  the  abstraction  of  the  vitiated  air  should  be  sufficient  to 
prevent  its  velocity  through  the  openings  exceeding  2*3  to  2  6  feet 
per  second,  the  openings  being  distributed  as  uniformly  as  possible 
over  the  w^hole  of  the  steps  A  A.  The  velocity  of  the  air  in  the 
outlet  passage  C  should  not  exceed  3*9  feet  per  second  ;  and  the 
velocity  in  the  discharging  shaft  D  should  amount  to  6'6  feet  per 
second,  in  order  to  ensure  the  stability  of  the  current. 

The  inlet  openings  F  F  for  supply  of  fresh  air,  when  situated  in 
the  ceihng,  should  have  such  an  area  as  to  allow  the  velocity  not  to 
exceed  1*6  feet  per  second;  in  this  lecture  theatre,  where  the  total 
quantity  of  air  admitted  reaches  170  cubic  feet  per  second,  the  area 
of  openings  slightly  exceeds  the  above  proportion.  When  it  is 
requisite  in  such  places  for  the  inlet  openings  to  be  at  the  sides,  they 
should  be  situated  on  two  opposite  sides,  and  as  high  from  the  floor 
as  practicable. 

As  the  ventilation  of  buildings  like  this  lecture  theatre  is  required 
to  be  in  action  only  when  they  are  occupied,  whilst  the  warming 
is  needed  to  be  in  operation  previously  to  their  occupation,  it  is 
necessary  to  have  the  means  of  warming  them  by  special  orifices,  in 
addition  to  those  which  supply  the  ventilation.  For  the  purpose  of 
warming,  the  large  hot-air  stove  G  is  employed.  Fig.  4,  situated 
under  the  lower  end  of  the  room ;  and  the  air  necessary  for 
combustion  is  supplied  to  it  from  the  basement  through  the 
passage  H.  The  fresh  air  to  be  heated  is  admitted  through  a 
separate  passage  I  from  the  open  courtyard  adjoining,  and  after 
being  heated  by  the  stove  is  delivered  into  the  room  through  the  four 
openings  J  J  in  the  floor  ;  these  are  only  opened  during  the  prepara- 
tory warming  of  the  lecture  theatre  while  it  is  empty,  and  as  soon  as 
it  is  occupied  they  are  closed.  A  constant  supply  of  hot  air  is 
maintained  to  the  two  lobbies  K  K  by  the  openings  L  L,  and  also  by 

N 


68  VENTILATION    OF    PUBLIC    BUILDINGS. 

the  openings  M  M  to  the  laboratory  N  at  the  back  of  the  lecture 
theatre ;  this  prevents  any  objectionable  draughts  of  cold  air 
occurring  whenever  the  intervening  doors  are  opened  during  the 
occupation  of  the  theatre  ;  and  the  doors  being  all  made  to  open 
outwards,  the  tendency  of  the  entering  air  is  to  close  them.  At  the 
upper  end  of  the  lecture  theatre  a  similar  heating  stove  is  provided, 
but  of  smaller  size,  for  warming  the  main  entrance  staircase  and 
vestibule  at  that  end  of  the  room. 

A  portion  of  the  hot  air  from  the  stove  G  is  conveyed  by  the 
ascending  pipe  P  to  the  mixing  air  chamber  E  in  the  roof;  and  in 
order  to  ensure  its  equal  diffusion  over  all  parts  of  the  lecture 
theatre,  the  mouth  of  the  hot-air  passage  Q  is  widened  out  to  the 
full  width  of  the  aii'  chamber  E,  as  shown  in  the  plan,  Fig.  6  ;  while 
a  hood  R  is  placed  over  the  central  inlet  opening  F,  and  screens  S  S 
are  interposed  at  the  two  side  openings,  in  order  to  prevent  an  undue 
proportion  of  the  fresh  warm  air  from  entering  the  lecture  theatre 
through  these  three  nearest  openings.  A  branch  from  the  hot-air 
passage  Q  to  the  two  side  openings  T  T,  Fig.  7,  ensures  a  proper 
supply  of  hot  air  to  each  of  these  openings.  A  similar  supply  of  hot 
air  is  introduced  at  the  other  end  of  the  roof  by  the  passage  Y  from 
the  smaller  heating  stove  at  that  end  of  the  lecture  theatre.  The 
fresh  cold  air  is  admitted  into  the  roof  chamber  E  through  the 
entrances  U  U,  Figs.  4  and  7 ;  and  by  the  arrangement  shown  in  the 
drawings  of  the  hoods  R  and  screens  S  at  the  ceiling  apertures,  the 
thorough  mixing  is  ensured  of  the  cold  and  the  heated  air  previous 
to  entering  the  lecture  theatre,  the  orifices  of  the  hot-air  passages  Q 
and  V  being  situated  in  all  cases  close  underneath  those  admitting 
the  cold  air.  By  means  of  the  valves  U  U  the  entrance  of  the  cold 
air  to  the  mixing  chamber  E  is  regulated  according  to  the  tempera- 
ture desired  in  the  mixed  air  introduced  for  ventilation ;  in  winter 
this  temperature  should  be  about  3|°  below  that  maintained  in.  the 
lecture  theatre,  which  should  be  about  68°. 

The  ventilation  of  a  large  theatre  is  illustrated  by  Figs.  8  and  9, 
Plates  13  and  14,  representing  the  Theatre  Lyriqne  in  Paris,  in 
which  the  principle  of  the  writer's  plan  of  ventilation  was  adopted  ; 
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but  this  Tvas  unfortunately  only  partially  carried  out  in  the  details, 
BO  that  the  full  advantage  is  not  realised  in  the  results. 

The  number  of  seats  in  this  theatre  is  1470.  For  the  ventilation 
of  the  stage  and  its  dependencies,  special  means  have  to  be  applied 
by  an  auxiliary  discharge  flue  above  the  stage,  intended  for  use  when 
required  to  remove  any  large  quantities  of  smoke  from  extensive 
illuminations.  In  the  body  of  the  house,  where  the  maintenance  of 
a  constant  ample  ventilation  is  required,  there  should  be  a  supply  of 
fi'esh  air  of  1400  cubic  feet  per  hour  for  each  person,  with  the  means 
of  increasing  this  in  summer  to  2000  cubic  feet  per  hour.  It  is 
important  for  the  supply  of  fresh  air  to  be  obtained  from  open 
spaces  or  gardens,  if  possible,  or  else  by  special  shafts  bringing  the 
ah'  from  a  point  above  the  buildings,  and  far  removed  from  the 
outlets  of  vitiated  air.  In  the  case  of  the  theatre  shown  in  the 
drawings,  the  inlet  for  fresh  air  is  made  in  the  square  of  the  Tour 
St.  Jacques,  by  means  of  a  well  11^  feet  diameter,  communicating  by 
a  tunnel  A  of  the  same  area  with  the  space  underneath  the  theatre, 
Fig.  9,  where  the  warming  apparatus  and  the  mixing  air  chambers 
are  situated.  The  velocity  of  the  current  in  the  inlet  passage  A  was 
ascertained  to  be  3"08  feet  per  second  in  a  special  examination  that 
was  made  some  years  since,  and  the  sectional  area  of  the  passage 
being  97  square  feet,  the  volume  of  fresh  air  admitted  amounted  to 
300  cubic  feet  per  second,  which  was  somewhat  in  excess  of  the 
quantity  that  the  apparatus  was  designed  to  supply.  This  area  of 
inlet  however  has  subsequently  been  allowed  to  be  contracted 
considerably  by  the  growth  of  ivy  at  the  entrance. 

The  admission  of  the  fresh  air  to  the  body  of  the  house  from  the 
main  supply  shafts  P  P,  Fig.  8,  takes  place  between  the  floor  joists  or 
through  the  false  bottoms  made  under  the  floors  of  each  of  the  rows  of 
boxes  and  gallery,  as  shown  by  the  arrows  at  B  B,  Fig.  9,  the  air 
entering  horizontally  all  round  the  theatre  through  these  spaces, 
which  should  not  be  less  than  5  to  6  inches  clear  height.  The  fresh 
air  is  also  admitted  by  openings  from  about  10  feet  height  in  the 
vertical  walls  on  each  side  of  the  stage,  and  also  by  auxiliary 
chaimels   under   the   flooring   of    the   passages,    intended  specially 
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for  extra  summer  ventilation,  and  controlled  by  valves.  For 
preventing  tlie  occurrence  of  unpleasant  draughts  upon  tlie  opening 
of  doors  into  tlie  exterior  passages,  these  passages  have  to  be  warmed 
to  a  temperature  of  about  68*^,  and  inlets  of  warm  air  are  provided 
opposite  the  different  doors  in  the  passages. 

A  portion  of  the  air,  on  entermg  by  the  main  inlet  passage  A,  Fig.  9, 
is  warmed  by  traversing  two  sets  of  heating  apparatus  C  C  placed  in 
the  basement ;  and  the  remainder  is  delivered  into  mixing  chambers 
for  regulating  the  temperature  of  the  air  supplied  in  the  building. 
The  area  of  passage  through  the  heating  a^pparatus  is  97  square  feet, 
and  the  volume  of  warm  air  supplied  is  245  cubic  feet  per  second, 
giving  a  velocity  of  current  of  2*5  feet  per  second. 

The  vitiated  air  is  taken  off  through  numerous  openings  in  the 
lower  part  of  the  sides  of  the  boxes  and  passages,  and  in  the  risers 
of  the  steps  in  the  gallery,  each  box  or  pair  of  boxes  having  a 
feeparate  discharging  flue ;  and  the  total  area  of  these  openings  has 
to  be  such  as  to  allow  the  velocity  of  the  par  not  to  exceed  2 '3  to 
2'6  feet  per  second.  The  exhausting  flues  E  E  from  the  several  tiers 
of  boxes  are  made  to  rise  towards  the  dome  F  above  the  chandelier, 
Yv^hile  those  from  the  pit,  orchestra,  and  boxes  on  the  ground  tier 
are  carried  below  the  floor  into  main  flues  leading  to  the  vertical 
shafts  G  G ;  and  the  area  of  these  exhausting  passages  should  be 
such  as  to  give  a  velocity  of  current  of  3'3  to  3'9  feet  per  second. 
In  the  pit  and  orchestra,  outlet  gratings  should  be  placed  all  round 
the  sides,  and  in  the  sides  of  the  air  passages  underneath  the  seats  ; 
these  outlets  open  into  the  space  left  under  the  floor,  which  leads  to 
the  main  exhausting  shaft  G  on  each  side,  this  space  being  divided 
accordingly  into  two  portions  by  the  central  partition  J.  The  outlet 
gratings  should  not  be  placed  in  any  case  in  the  floor,  as  was  done  in 
this  theatre,  contrary  to  the  writer's  intention. 

The  cast-iron  chimney  pipes  1 1  from  the  heating  apparatus  are 
carried  up  the  exhausting  shafts  G  to  aid  the  draught,  the  pipes 
being  kept  isolated  throughout ;  and  a  small  firegrate  H  is  placed  at 
the  bottom  of  each  shaft,  for  use  when  extra  ventilation  is  required 
in  summer.  The  area  of  the  exhausting  shafts  G  G  is  required  to  be 
such  as  to  give  a  velocity  of  current  of  5" 6  to  5*9  feet  per  second ; 
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and  tbey  should  lead,  when  possible,  to  the  dome  F  over  the  centre 
of  the  theatre,  into  which  all  the  outlet  flues  from  the  upper  tiers  of 
boxes  also  discharge.  The  general  outlet  shaft  K  above  this  dome 
should  be  built  of  brick,  not  metal,  and  should  be  carried  at  least 
20  or  25  feet  above  the  top,  its  area  being  such  as  to  give  a  velocity 
of  current  of  about  6' 6  feet  per  second. 

A  series  of  experiments  on  the  ventilation  were  made  on  five 
successive  nights  in  May,  1863,  with  the  external  temperature 
ranging  between  66°  and  74°;  and  the  result  obtained  was  that 
with  an  average  consumption  of  4  CAvts.  of  coal  per  night,  costing 
7s.  to  8s.,  the  removal  of  166  cubic  feet  of  air  per  second  was 
effected,  amounting  to  1400  cubic  feet  per  hour  per  seat  of  the  pit 
and  orchestra.  With  this  ventilation  the  temperature  of  the  house 
can  be  maintained  within  comfortable  limits ;  but  this  extent  of 
ventilation  is  not  actually  employed,  as  the  intended  use  of  the  two 
large  exhausting  shafts  G  G  is  not  carried  out.  The  experiments 
made  at  the  same  time  on  the  ventilation  of  the  boxes  showed  that 
an  abstraction  of  377  cubic  feet  of  air  per  second  was  effected  by  the 
centre  shaft  over  the  dome,  amounting  to  1800  cubic  feet  per  hour 
per  seat.  The  actual  average  ventilation  for  the  whole  house  during 
the  five  evenings  was  found  to  be  1330  cubic  feet  per  hour  per  seat. 
By  this  uniform  ventilation  the  temperature  in  the  different  rows 
of  seats  was  maintained  most  remarkably  constant,  the  average 
temperatures  in  the  first  and  fourth  tiers  being  68*^  and  70° 
respectively,  when  the  external  temperature  was  52*^ ;  and  when  the 
latter  was  70°,  their  temperatures  were  78°  and  80°  respectively : 
in  other  large  theatres  however,  which  are  not  so  ventilated,  these 
temperatures  are  not  unfrequently  as  high  as  95°  to  105°. 

At  another  trial  in  November  1863,  when  the  external  temperature 
was  as  low  as  39°,  the  temperatures  within  the  house  were  found  to 
be  maintained  at 


66" 

on 

the 

Stage. 

71° 

in 

the 

Orchestra 

Stalls. 

73° 

55 

5J 

Boxes. 

74° 

>5 

» 

Gallery. 

72  VENTILATION    OF    PUBLIC    BUILDINGS. 

The  above  results  show  the  satisfactory  manner  in  which  the 
mode  of  ventilation  that  has  been  described  effects  the  objects 
intended ;  but  the  full  benefit  of  these  results  is  unfortunately  not 
received  in  the  present  case,  from  the  arrangements  being  only 
partially  carried  into  regular  use  ;  and  it  has  to  be  remarked  that 
however  perfect  the  ventilating  arrangements  may  be  in  the 
construction  of  a  building,  it  is  indispensable  that  the  working  of 
them  should  be  under  the  constant  charge  of  properly  qualified  and 
responsible  management,  in  order  to  ensure  the  desired  object  being 
systematically  attained. 


The  President  said  they  were  greatly  indebted  to  General  Morin 
for  his  kindness  in  granting  the  use  of  the  Lecture  Theatre  in  which 
they  were  now  assembled,  and  for  the  valuable  facilities  afforded  by 
him  for  the  present  Meeting  in  Paris,  as  the  Director  of  the 
Conservatoire  Imperial  des  Arts  et  Metiers.  The  efiiciency  of  the 
system  of  ventilation  carried  out  upon  the  principles  advanced  in  the 
paper,  with  which  General  Morin  had  favoured  them,  was  practically 
illustrated  by  the  agreeable  condition  and  temperature  of  the  air  at 
the  present  moment  in  the  Lecture  Theatre,  notwithstanding  the 
number  of  persons  now  assembled  in  it  on  a  summer  day. 

General  Morin  expressed  his  pleasure  in  welcoming  the  Members 
of  the  Institution  on  the  occasion  of  their  Meeting  in  Paris,  and  his 
gratification  in  receiving  them  at  the  Conservatoire. 

Mr.  Edwin  Chadwick  remarked  that  the  two  opposite  systems  of 
ventilation — the  one  by  propulsion  or  driving  in  the  air  by  mechanical 
means,  and  the  other  by  suction  or  creating  a  draught  by  heating 
the  air  in  the  discharge  flues — might  both  be  seen  in  operation  in 
Paris,  in  different  wards  of  the  liariboisiere  Hospital  near  the 
Northern  Railway  Station ;  there  had  been  considerable  controversy 
respecting  the  relative  advantages  of  the  two  plans  as  carried  out 
in  that  building,  and  he  did  not  know  of  any  better  practical 
example  of  the  two  methods.     The  fresh  air  supplied  by  propulsion 
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was  warmed,  and  driven  in  by  engine  power  by  means  of  a  fan ;  and 
in  abstracting  the  vitiated  air  by  suction,  it  was  taken  off  close  to  the 
points  of  greatest  vitiation,  namely  between  each  of  the  beds  in  the 
ward.  From  a  careful  examination  made  of  the  subject  by  physicians 
he  had  been  led  to  conclude  that  the  system  of  suction,  as  described 
and  advocated  in  General  Morin's  paper,  was  not  only  the  most 
economical,  but  also  the  best  in  regard  to  the  degree  of  purity 
maintained  in  the  air  of  the  building,  as  the  system  of  propulsion 
was  found  to  be  attended  with  the  disadvantage  that  the  current  of 
fresh  air  driven  into  a  room  would  sometimes  pass  through  direct  to 
the  outlet,  without  thoroughly  expelhng  the  vitiated  air,  and  thus 
allowed  an  objectionable  accumulation  of  vitiated  air  to  take 
place  in  particular  portions  of  the  room.  The  arrangements  for 
ventilation  by  suction  at  the  above  hospital  had  been  developed  and 
carried  out  ^^dth  very  decided  success  by  the  late  M.  Leon  Duvoir, 
who  had  undertaken  to  give  a  supply  of  2000  cubic  feet  of  air  per 
hour  for  each  bed  in  the  wards,  heated  to  a  uniform  temperature  of 
60°  Fahr.,  at  a  charge  of  Id.  per  bed  per  day ;  and  the  actual  cost  he 
understood  had  been  found  to  be  only  about  half  that  amount,  the 
price  of  the  coals  used  being  about  405.  per  ton  in  Paris  at  the  time. 
The  rarefaction  necessary  for  effecting  the  ventilation  was  obtained  by 
means  of  a  hot-water  tank  at  the  top  of  the  building,  and  the  ends  of 
the  air  flues  being  carried  up  through  this  tank  by  means  of  thin  iron 
pipes,  an  upward  current  of  air  was  established  by  the  heating  of  the 
air  within  the  flues,  whereby  the  vitiated  air  was  abstracted  from  the 
building  with  a  uniform  draught,  as  tested  by  holding  a  hghted 
candle  at  the  bottom  of  any  of  the  air  flues.  In  some  cases  the 
vitiated  air  was  taken  off  upwards,  and  in  others  downwards,  and  the 
ventilation  was  effected  wdth  complete  success  in  each  way.  For  the 
purpose  of  saving  heat,  a  coil  of  water  pipes  or  a  water  jacket  was 
placed  round  the  chimney  of  the  furnace  employed  for  heating  the 
water  in  the  hot- water  tank,  and  by  this  means  nearly  two-thirds  of  the 
heat  escaping  into  the  chimney  was  found  to  be  saved.  The  fresh  air 
admitted  to  the  building  was  warmed  by  being  made  to  pass  between 
a  number  of  thin  iron  pipes  containing  the  heated  water  supplied  to 
the    hot-water    tank.      The   warming   of    the    Madeleine    Church, 
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containing  2,000,000  cubic  feet  of  space,  liad  also  been  undertaken  by 
M.  Duvoir  at  a  cost  of  lis,  2d.  per  day ;  and  also  the  ventilation  and 
vfarming  of  the  Palais  de  Justice,  a  prison,  and  several  other 
public  buildings,  as  v^' ell  as  a  number  of  private  houses  :  the  warming 
of  eight- story  houses  had  been  undertaken  by  him  at  from  3s.  to  4s. 
per  day,  and  the  very  small  quantity  of  coal  consumed  for  the  purpose 
was  remarkable.  On  a  small  scale  the  same  principle  of  ventilation 
by  suction  might  also  be  carried  out  by  simply  placing  a  lighted  lamp 
or  candle  in  the  bottom  of  a  properly  constructed  air  flue  ;  or  by 
building  air  flues  parallel  and  contiguous  to  the  chimney  flues,  so  as 
to  be  heated  by  the  latter.  The  simple  manner  in  which  the 
ventilation  by  suction  had  been  carried  out  in  the  Lecture  Theatre 
of  the  Conservatoire  under  General  Morin's  directions,  the  ventilation 
being  completely  maintained  without  requiring  special  attendance, 
appeared  to  him  to  be  much  in  advance  of  any  attempts  that  he  had 
met  with  previously ;  and  he  thought  it  would  be  a  great  benefit  if 
the  same  plan  could  be  introduced  in  England  for  the  ventilation  of 
public  buildings. 

In  conjunction  with  the  yentilation  of  buildings,  the  warming  of 
the  air  supplied  had  hitherto  been  the  chief  subject  of  attention  in 
France  and  England  and  other  northern  countries ;  but  for  hot 
weather  even  in  this  climate  it  was  desirable  that  attention  should  be 
given  to  the  corresponding  question  of  cooling  the  air,  and  in  the 
tropics  this  was  an  absolute  necessity.  In  an  experiment  made  by 
M.  Duvoir  at  the  Palais  de  I'lnstitut  on  coohng  the  supply  of  fresh 
air  by  passing  it  between  a  series  of  pipes  through  vfhich  a  stream  of 
cold  water  flovv^ed,  the  meeting  hall  had  been  cooled  down  to  a 
considerable  extent  on  a  hot  summer  day,  while  occupied ;  and 
this  result  deserved  the  particular  attention  of  any  one  entrusted 
with  the  ventilation  of  buildings  in  India  or  other  tropical  countries, 
where  the  efiectual  cooling  of  the  air  was  of  such  great  importance. 

Mr.  J.  Whitley  concurred  in  the  importance  of  having  a  system 
of  ventilation  not  requiring  constant  attention,  particularly  for 
private  houses,  where  such  attention  was  out  of  the  question.  Having 
himself  carried  out  for  house  ventilation  in  a  large  number  of  cases 
the  principle  of  suction  advocated  in  the  paper,  he  had  found  that,  by 
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simply  taking  advantage  of  the  rarefaction  produced  by  the  ordinary 
chimneys,  sufficient  exhausting  power  was  available  for  ensuring  a 
constant  supply  of  fresh  air  in  all  the  rooms  and  passages  of  a  house  ■; 
and  by  this  means  a  room  closed  and  fully  occupied  for  a  length  of 
time,  such  as  a  sleeping  apartment,  was  made  to  retain  as  pure  an 
atmosphere  as  if  unoccupied.  In  the  plan  that  he  had  used,  a  suitable 
outlet  from  the  room  into  the  chimney  was  made  at  the  level  of  the 
ceiling  for  the  escape  of  the  vitiated  air,  and  a  corresponding  inlet  for 
the  fresh  air  was  made  in  a  distant  part  of  the  room ;  and  whenever  the 
chimney  was  not  heated  by  a  fire  in  the  room,  a  jet  of  gas  lighted  at 
the  bottom  of  the  inlet  to  the  chimney  was  found  sufficient  to 
produce  the  necessary  amount  of  rarefaction,  as  named  in  the  paper. 

Mr.  B  RAM  WELL  enquired  whether  it  had  been  found  necessary,  in 
the  system  of  ventilation  described  in  the  paper,  to  introduce  any 
moisture  along  with  the  supply  of  air  artificially  heated. 

General  Morin  replied  that  he  had  not  found  any  necessity  for 
introducing  moisture  with  the  air  supplied,  because  he  had  adopted 
the  plan  of  heating  only  a  small  portion  of  the  air,  and  mixing  this 
with  a  quantity  of  fresh  cold  air,  so  that  the  mixture  contained  a 
sufficient  supply  of  moisture  to  prevent  any  sensation  of  dryness, 
without  requiring  any  addition  of  moisture  by  a^rtificial  means.  When 
the  whole  of  the  air  supplied  was  heated,  as  in  the  case  of  the  British 
Museum,  and  St.  George's  Hall,  Liverpool,  it  was  generally  found 
necessary  to  provide  specia,l  arrangements  for  restoring  to  the  air  the 
degi^ee  of  sensible  moisture  which  it  had  previous  to  the  heating  process. 
But  in  most  cases  only  a  moderate  amount  of  heating  was  required  even 
in  winter,  as  it  was  found  that  the  air  supplied  should  be  introduced 
at  a  temperature  of  3^°  to  5|°  Fahr.  below  that  to  be  maintained  in  the 
building.  In  the  case  of  the  Lecture  Theatre  in  which  they  were  now 
assembled  the  extent  of  accommodation  was  limited  to  about  700 
persons,  but  the  ventilating  arrangements  had  been  carried  out  upon 
a  scale  vfhich  w^ould  be  amply  sufficient  for  an  assemblage  of  1200 
persons. 

Mr.  C.  W.  Siemens  thought  there  must  be  more  need  of  moistening 
the  air  in  winter  than  in  summer,  because  at  a  lower  temperature  the 
point  of  saturation  of  the  atmosphere  v/as  lower,  and  when  below  tlie 
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freezing  point  it  was  devoid  of  moisture  altogetlier;  while  at  the 
same  time  there  would  then  be  the  greatest  proportion  of  heated  and 
dry  air  to  be  mixed  with  it.  He  enquired  whether  in  winter  there 
was  ever  found  to  be  any  necessity  for  adding  moisture  to  the  air. 

General  Moein  replied  that  in  a  room  containing  only  two  or 
three  persons  it  might  under  such  circumstances  be  desirable  to 
moisten  the  supply  of  air,  because  the  quantity  of  moistm-e  exhaled 
in  respiration  was  not  then  enough  to  saturate  the  air.  But  in  an 
assembly  of  a  great  number  of  persons  there  was  an  objectionable 
excess  of  moisture  in  the  atmosphere  from  exhalation ;  and  therefore 
in  most  cases,  instead  of  adding  moisture  to  the  air,  the  object  to  be 
aimed  at  he  thought  was  rather  to  introduce  dry  air,  with  a  view  to 
get  rid  as  far  as  possible  of  the  excess  of  moisture  already  existing  in 
the  atmosphere  of  the  room. 

Mr.  C.  W.  Siemens  enquired  in  reference  to  the  plan  that  had  been 
mentioned,  of  cooling  the  supply  of  air  for  ventilation  in  hot  countries, 
whether  General  Morin  had  made  any  experiments  on  that  subject, 
and  whether  the  mode  of  carrying  out  the  system  of  suction  would  be 
the  same  in  that  case,  by  introducmg  the  cold  fresh  air  at  the  ceiling 
and  drawing  off  the  vitiated  air  below,  or  whether  the  arrangement 
would  have  then  to  be  reversed.  It  would  be  very  advantageous  he 
considered  if  the  plan  of  introducing  the  fresh  air  at  the  ceiling  could 
still  be  adhered  to. 

Geneeal  Morin  replied  that  an  illustration  of  the  supply  of  air  for 
cooling  purposes  was  afforded  by  the  Lecture  Theatre  in  which 
they  were  now  assembled,  where  the  internal  temperature  was  at  all 
times  of  the  year  above  the  required  degree  when  the  room  was  fully 
occupied,  and  needed  always  to  be  kept  down  by  a  liberal  supply  of 
fresh  cool  air,  which  was  introduced  at  the  ceiling,  the  ventilating 
arrangements  in  this  case  having  been  completely  carried  out 
according  to  the  system  described  in  the  paper.  At  the  Corps 
Legislatif  on  the  contrary  the  cold  an*  was  introduced  at  the  floor  of 
the  assembly  hall,  through  very  narrow  openings  of  only  about  1  inch 
height,  situated  in  the  risers  of  the  steps ;  and  the  result  had  been 
the  presence  of  very  disagreeable  draughts  about  the  legs  of  people, 
shoAving  the  mistake  of  letting  the  fresh  air  enter  at  the  floor.    At  the 
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present  moment  the  supply  of  fresh  air  in  the  Lecture  Theatre  was  at 
the  rate  of  as  much  as  13,000  cubic  feet  per  hour  per  person ;  but 
as  it  was  introduced  at  the  ceihinof  of  the  room  and  through  a 
number  of  large  openings,  there  was  not  the  slightest  sensation  of 
draught,  while  the  atmosphere  in  the  room  was  maintained  fresh  and 
cool.  Even  had  the  day  been  considerably  hotter,  the  extent  of 
ventilation  provided  for  would  have  been  sufficient  to  keep  down 
the  interior  temperature  below  that  outside.  In  special  experiments 
he  had  employed  the  pipes  of  the  heating  apparatus  for  the  converse 
purpose  of  cooling  the  air,  by  circulating  a  stream  of  cold  water 
through  them,  and  making  the  supply  of  air  pass  between  them  on 
its  way  to  the  entrances  of  the  room.  By  this  additional  means, 
when  the  temperature  in  the  room  had  been  68^  Fahr.  and  the 
external  temperature  ^^"^  Fahr.,  he  had  succeeded  in  reducing  the 
internal  temperature  by  4°  or  h^  Fahr.  In  the  case  of  intense 
summer  heat  or  in  tropical  countries  the  requisite  coohng  effect 
might  no  doubt  be  readily  obtained  by  having  recourse  to  a  fine 
spray  of  water  in  the  main  air  passages  in  the  basement  of  the 
building,  just  sufficient  to  moisten  the  whole  of  the  surfaces  over 
which  the  fresh  air  had  to  pass  in  entering,  so  as  to  bring  into 
play  the  cooling  effisct  of  rapid  evaporation.  He  had  originally 
contemplated  applying  this  mode  of  cooling  in  the  ventilation  of  the 
Conservatoire,  but  he  had  found  in  practice  that  an  ample  cooling 
effect  was  obtained  by  the  abundant  ventilation,  without  the  necessity 
of  this  additional  provision  for  the  purpose. 

Mr.  W.  Faiebaien  considered  the  subject  of  ventilating  large 
public  buildings  was  one  of  the  greatest  importance  at  the  present 
day,  and  required  serious  consideration.  In  the  paper  just  read  he 
had  been  much  struck  with  the  large  allowance  of  air  stated  to  be 
required  for  the  efficient  ventilation  of  buildings  where  a  number  of 
people  were  congregated  together,  amounting  to  as  much  as  1500  to 
2000  cubic  feet  per  hour  for  each  person.  In  the  case  however  of  a 
barracks  in  London,  it  had  been  found  that  the  quantity  of  fresh  air 
supphed  was  less  than  500  cubic  feet  per  hour  per  individual ;  and 
the  result  had  been  that  men  who  came  strong  and  healthy  from  the 
country  became  consmnptive  in   a   few   months   and  a  great   numbei- 
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died,  the  rate  of  mortality  being  even  greater  in  the  barracks  than  on 
a  campaign.  He  enquired  whether  the  principles  of  ventilation 
enunciated  in  the  paper  had  been  applied  to  any  of  the  barracks  in 
Paris. 

With  regard  to  the  mode  of  effecting  the  ventilation  by  introducing 
the  fresh  air  at  the  ceiling  and  taking  off  the  vitiated  air  at  the  bottom, 
this  was  a  direct  reversal  of  the  plan  generally  adopted  in  England? 
of  supplying  the  fresh  air  at  the  bottom  and  discharging  the  vitiated 
air  at  the  top  of  the  room,  which  he  himself  had  hitherto  been 
accustomed  to  consider  the  most  natural  way  of  ventilating  a  building. 
There  was  no  doubt  however  that  the  system  described  in  the  paper 
possessed  an  important  advantage  in  the  very  slow  velocity  at  which 
the  fresh  air  was  brought  in,  amounting  to  only  2  or  3  feet  per  second; 
and  it  was  evident  that  with  such  a  velocity  there  was  not  much 
danger  of  any  person  catching  cold  m  the  room,  as  the  speed  was 
not  sufficient  to  produce  any  sensation  of  draught.  Moreover  by 
removing  the  vitiated  air  at  the  bottom,  the  carbonic  acid  gas,  which 
constituted  the  principal  element  of  vitiation  and  naturally  tended 
to  the  bottom  by  its  greater  specific  gravity,  was  taken  off  at  once, 
without  contaminating  the  fresh  air  in  the  rest  of  the  room ;  and  this 
he  thought  was  a  very  important  feature  in  the  system.  A  somewhat 
greater  force  of  draught  would  of  course  be  required  to  take  off  the 
vitiated  air  at  the  bottom  instead  of  the  top ;  but  it  was  no  doubt 
worth  while  to  have  rather  more  heating  power  for  this  purpose  in 
the  upcast  shafts,  on  account  of  the  advantage  attending  the 
immediate  removal  of  the  vitiated  air  at  the  bottom  of  the  room. 
He  hoped  there  might  be  opportunities  of  seeing  the  same  mode  of 
ventilation  tried  for  public-  buildings  in  Engla^nd,  where  there  was  at 
present  so  much  room  for  improvement  in  that  respect. 

General  Morin  said  he  had  seen  the  report  of  the  English 
commission  upon  the  ventilation  and  warming  of  barracks,  and  had 
been  much  interested  in  the  excellent  plan  of  ventilating  chimney 
proposed  for  the  purpose  by  Capt.  Douglas  Galton.  Experiments 
had  also  been  tried  upon  the  subject  in  the  Paris  barracks  near  the 
Hotel  de  Ville  (Caserne  Napoleon)  ;  but  owing  to  some  defect  in  the 
arrangcmentB  the  direction  of  the  current  was  found  sometimes  to 
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reverse  itself,  bringing  baek  tlie  vitiated  air  into  the  building  instead 
of  carrying  it  olf;  and  the  men  had  suffered  from  ophthalmia  in 
consequence.  He  had  not  yet  had  any  opportunity  of  applying  to 
barracks  the  system  of  ventilation  described  in  the  paper.  The 
importance  of  taking  off  the  vitiated  air  at  the  bottom  of  the  room, 
whereby  alone  it  could  be  removed  at  once  without  polluting  the 
atmosphere  within  the  building,  was  sufficiently  demonstrated  by 
a  visit  to  the  basement  of  the  Lecture  Theatre  in  which  they  were 
now  assembled  ;  and  in  simply  passing  along  quickly  under  the  seats 
of  the  theatre  when  occupied  by  a  number  of  persons,  he  had  felt 
completely  stifled  by  the  poisonous  atmosphere  drawn  off  from  the 
room.  It  was  not  surprising  therefore  that  in  large  assemblies 
persons  were  frequently  made  ill  by  mere  defect  of  ventilation  ; 
and  in  the  case  of  hospitals  it  appeared  not  unreasonable  to  suppose 
that  the  very  walls  of  the  building  must  become  impregnated  with 
mfection.  These  difficulties  he  considered  could  only  be  effectually 
obviated  by  the  system  described  in  the  paper,  ensuring  the 
immediate  removal  of  all  the  vitiated  air  by  taking  it  off  at  the 
bottom  of  the  room. 

The  Peesident  moved  a  vote  of  thanks  to  General  Morin,  which 
was  passed,  for  his  kindness  in  contributing  the  valuable  paper  that 
had  been  read,  and  so  actively  pi'omoting  the  interest  of  the  Meeting 
of  the  Institution  in  Paris. 


The  following  paper  was  then  read  : — 
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OX  FLOATING  DOCKS, 

AND  OTHER  ARRANGEMENTS  FOR  AFFORDING  ACCESS 

TO  SHIPS  FOR  EXTERNAL  REPAIRS. 


By  Mr.  FREDERICK  J.  BRAMWELL,  of  London. 


For  the  purpose  of  affording  access  to  the  immersed  parts  of 
vessels,  there  can  be  httle  doubt  that  in  the  early  periods  of 
navigation  the  vessels  were  either  hauled  up  on  the  beach  for 
examination,  in  the  absence  of  rise  and  fall  of  tide  ;  or,  where  there 
was  a  considerable  rise  and  fall  of  tide,  the  vessel  was  placed  over  a 
flat  beach  at  high  water,  and  allowed  to  ground  as  the  tide  fell. 
Although  the  latter  plan  is  easy  of  application,  and  useful  to  a 
certain  extent  even  for  large  vessels,  where  there  is  a  considerable 
rise  and  fall  of  tide,  the  former  mode  must  have  been  difficult  to 
carry  out  except  with  very  small  vessels  ;  and  therefore  it  is  probable 
that  the  plan  of  "Careening"  was  resorted  to  as  soon  as  vessels 
were  built  of  any  considerable  size. 

This  plan,  more  properly  called  "heaving  down,"  was  carried 
out  in  two  ways  :  either  as  shown  in  Fig.  1,  Plate  15,  by  bringing  the 
ship  near  a  quay  wall  provided  with  mooring  rings  and  capstan,  and 
attaching  ropes  to  the  heads  of  the  masts,  so  as  to  haul  the  ship  over 
into  a  nearly  horizontal  position  on  the  water  ;  or  as  shown  in  Fig.  2, 
by  putting  the  heaving-down  tackle  on  board  another  vessel,  so  that 
the  operation  could  be  performed  independently  of  the  land.  This 
second  plan  had  the  advantage  of  being  also  independent  of  the  rise 
and  fall  of  the  tide,  which  in  the  other  method  of  course  affected  the 
position  of  the  ship  under  repair. 

The  plan  of  "  careening  "  seems  to  have  been  extensively  practised 
in  the  naval  arsenals  of  France  at  an  early  date.  Whether  done  by 
tackle  from  the  land  or  from  a  vessel  afloat,  the  operation  was  of 
course  aided  by  the  removal  of  the  ballast  and  heavy  weights,  so  as 
to  lighten  the  ship.      By   the   mere    shifting    of  the    weights    and 
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Avithout  the  assistance  of  tackle,  a  large  amount  of  the  ship's  surface 
could  be  exposed  ;  but  this  plan  was  of  necessity  attended  with 
considerable  danger  of  foundering,  as  exemplified  in  the  fate  of  the 
"  Royal  George,"  which  foundered  at  Spithead  in  August  1782,  with 
upwards  of  600  persons  on  board,  whilst  being  careened.  Careening 
is  also  stated  to  have  been  the  cause  of  permanent  distortion  in  the 
shape  of'vessels,  from  the  exposed  side  being  strained  to  an  unnatural 
degree  of  convexity  prior  to  the  driving  in  of  the  caulking,  which 
then  kept  the  vessel  to  the  distorted  figure  it  had  assumed. 

The  next  mode  to  be  mentioned  is  the  ordinary  Graving  Dock  or 
Dry  Dock,  which  even  at  the  present  day  is  the  plan  most  commonly 
employed  in  Europe,  and  will  probably  continue  to  be  preferred  in 
all  places  where  there  is  a  large  rise  and  fall  of  tide,  and  where  the 
ground  is  suitable  for  excavation.  As  regards  the  derivation  of  the 
term  "  graving  "  dock,  it  has  been  suggested  that  the  name  was 
taken  from  the  resemblance  which  the  dock  bore  to  a  "grave  ;"  but 
the  writer  believes  it  to  be  derived  from  the  operation  carried  on  in 
the  dock,  as  it  appears  from  records  of  the  date  1667  that  what  is 
now  called  "  paying  "  a  vessel  with  a  composition  was  formerly  called 
"  gTaving ;"  and  it  would  seem  that  this  word  is  of  French  origin, 
and  in  turn  owes  its  derivation  to  the  place  where  the  graving  was 
sometimes  performed,  namely  on  a  flat  sandy  beach  or  "  greve." 
As  early  as  1623  there  was  a  dry  dock  at  Deptford,  and  in  1667 
there  was  one  also  at  the  arsenal  at  E-ochefort  in  France. 

Various  kinds  of  graving  docks  have  been  either  executed  or 
proposed.  In  many  parts  of  England  the  rise  and  fall  of  the  tide 
are  sufficient  to  admit  of  a  very  large  vessel  being  drawn  into  a  dock 
at  high  water,  so  as  to  be  brought  over  the  keel  blocks,  on  which  it 
then  settles  down  as  the  tide  recedes,  and  at  low  water  the  dock  is  left 
dry  and  the  vessel  exposed  for  repaii^s  ;  the  sluices  being  then  closed 
exclude  the  water,  so  that  the  succeeding  tides  cause  no  interruption 
to  the  work.  But  in  situations  hke  the  shores  of  the  Mediterranean 
and  in  other  places  where  the  tide  is  but  small,  the  water  has  to  be 
got  out  of  the  dock  by  pumping,  which  before  the  days  of  steam 
power  was  found  both  an  expensive  and  a  tedious  process,  causing 
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great  delay  before  the  vessel  could  be  reached  even  for  slight  repairs 
or  merely  for  inspection.  To  make  the  operation  more  expeditious, 
large  chambers  have  in  some  instances  been  provided  below  the 
level  of  the  dock,  sufficiently  capacious  to  receive  from  the  dock  the 
whole  or  the  greater  part  of  the  water  contained  in  it,  which  could 
afterwards  be  pumped  out  of  them  at  leisure.  This  plan  certainly 
gave  the  advantage  of  speed  in  emptying  the  dock,  but  it  added 
largely  to  the  first  cost,  and  moreover  caused  the  labour  of 
pumping  to  be  increased,  owing  to  the  greater  depth  from  which 
the  water  had  to  be  drawn  ;  nevertheless  these  chambers  were 
in  use  at  Toulon  and  also  at  Portsmouth,  notwithstanding  that  at 
the  latter  port  there  is  a  rise  and  fall  of  about  10  feet  at  ordinary 
spring  tides. 

Where  there  was  a  lofty  shore  and  a  supply  of  water  from  a  high 
level,  it  has  several  times  been  proposed,  and  amongst  others  by 
Behdor,  to  make  dry  docks  as  shown  in  Fig.  3,  Plate  15,  where  A 
represents  the  ordinary  sea  level,  and  B  a  low-level  dock  opening 
into  a  basin  in  connection  with  the  sea,  and  ha^dng  its  sides  C 
as  much  above  the  sea  level  as  would  equal  the  draft  of  the  largest 
ship  to  be  docked.  D  is  an  upper  dock,  having  the  top  of  its 
sides  level  with  C,  and  its  floor  a  little  above  the  sea  level  A.  If 
a  ship  be  floated  into  the  lower  dock  B  and  the  gates  be  then  shut, 
and  if  water  from  a  high  level  E  be  allowed  to  flow  into  B  and  D, 
the  water  will  continue  to  rise  and  the  ship  will  be  lifted  until  its  keel 
is  high  enough  to  pass  over  the  blocks  on  the  floor  of  the  upper 
dock  D,  when  it  can  be  hauled  into  that  dock  and  the  sluice  of  the 
lower  dock  B  opened  so  as  to  allow  the  water  to  escape  into  the  sea, 
leaving  the  ship  securely  berthed  in  the  raised  dock. 

In  some  few  favourable  situations  graving  docks  are  comparatively 
simple  to  construct  and  maintain,  namely  in  such  situations  as 
Birkenhead,  where  the  docks  are  hewn  out  of  the  sohd  rock, 
which  while  it  is  sufficiently  hard  and  homogeneous  to  support 
the  heavy  weights  is  sufficiently  soft  to  be  readily  worked.  In  these 
cases  there  are  none  of  the  dangers  to  be  apprehended  of  settlement 
or  of  blowing  up  the  bottom  that  exist  where  the  dock  is  built  in  an 
excavation  made  in  the  earth,  which  is  frequently  of  an  extremely 
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treacherous  character  at  river  sides.  As  regards  the  mode  of  closing 
the  entrance  to  dry  docks,  this  has  been  ejQfected  either  by  Gates 
to  open  sideways  hke  those  of  a  lock,  or  to  fall  upon  the  bed  of 
the  river,  or  by  Caissons.  The  latter,  now  that  the  introduction 
of  iron  for  ship-building  purposes  has  admitted  of  their  being  made 
of  that  material,  are  almost  universally  adopted  for  large  docks,  and 
have  the  advantage  of  affording  the  means  of  retaining  water  inside 
the  dock  as  well  as  of  keeping  it  out,  which  is  of  considerable 
importance  for  allowing  time  enough  to  adjust  the  ship  properly 
before  it  settles  down  on  the  keel  blocks.  Among  the  largest  graving 
docks  may  be  mentioned  the  double  dock  now  constructing  at  Brest, 
721  feet  long  and  92  feet  wide,  ^dth  35  feet  depth  of  water  over  the 
cill ;  and  the  double  dock  at  Portsmouth,  which  is  636  feet  long, 
88  feet  wide,  and  27  feet  deep  over  the  cill :  and  one  of  the  largest 
single  docks  is  that  at  Devonport,  which  is  415  feet  long,  73  feet 
wide,  and  32  feet  deep  over  the  cill. 

The  hauling  up  of  ships  appears  to  have  been  practised  from  a 
very  early  period  in  the  Venetian  arsenals,  and  also  at  Toulon  in 
France,  where  it  was  applied  in  1818  to  a  large  vessel ;  but 
the  ships  seem  to  have  been  only  brought  over  an  ordinary  building 
slip,  and  then  hauled  up  on  the  ways,  being  steadied  by  a  sort  of 
sliding  cradle. 

A  special  construction  of  carriage  for  this  purpose  w^as  invented 
in  1818  by  Mr.  Morton  of  Leith,  which  is  shown  in  Figs.  5  and  6, 
Plate  16.  An  inclined  slip- way  A  is  formed  on  a  slope  of  about 
1  in  20,  and  provided  with  rails  on  w^hich  travels  the  wheeled 
carriage  B,  the  railway  being  extended  sufficiently  below  the  water 
to  admit  of  the  ship  being  floated  over  the  carriage.  By  then  hauling 
up  the  carriage  by  the  chains  and  capstan  gear  C,  the  ship  being 
attached  to  the  chain  is  drawn  up  out  of  the  water  and  above 
the  influence  of  the  highest  tide,  and  is  blocked  up  upon  the  floor 
of  the  slip  so  as  to  admit  of  the  carriage  being  removed.  To  prevent 
the  ship  from  heeling  over  while  in  the  act  of  being  hauled  up,  the 
carriage  is  provided  with  bilge  blocks  D  sliding  on  timbers  transverse 
to  the  slip.     As  the  ship  settles  down  on  the  keel  blocks  and  before  she 
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is  removed  from  the  water,  these  bilge  blocks  D  are  hauled  in  until 
they  support  tli^e  bilges,  the  hauling  being  done  by  ropes  led  up  to  the 
deck  of  the  ship.  This  appears  to  have  been  the  first  use  of  proper  bilge- 
block  shores  which  could  be  applied  while  the  vessel  was  still  afloat ; 
and  in  the  writer's  opinion  such  a  mode  of  sustaining  vessels  at  the 
bilges  before  the  water  support  is  taken  away  is  of  the  greatest  utility, 
on  account  of  its  importance  in  preventing  undue  straining  or  risk  of 
heeling  over.  In  ordinary  graving  docks,  it  is  true,  bilge  shores  are 
used  ;  but  they  are  not  applied  until  the  water  has  been  removed 
from  the  dock,  and  therefore  not  until  after  the  ship  has  been 
subjected  to  the  strains  arising  from  the  weiglit  of  her  contents 
without  her  natural  water  support. 

Morton's  slips,  which  are  now  in  extensive  use,  were  at  first 
intended  only  for  small  vessels,  but  they  have  lately  been  constructed 
for  ships  of  2000  to  3000  tons  burden.  With  small  yessels  httle 
difficulty  was  experienced  in  building  the  slips,  especially  where 
there  was  a  considerable  rise  and  fall  of  tide,  because  the  lower  part 
of  the  slip  could  be  constructed  at  low  water ;  but  when  the  longer 
modern  vessels  were  required  to  be  taken  up,  the  length  of  the  slip- 
way below  the  water  became  very  great,  as  a  slope  of  1  in  20  requires 
the  length  of  slip  below  water  to  be  20  times  the  draft  of  the  vessel 
merely  to  reach  her  stem,  and  the  slip  must  then  be  carried  still 
further  to  extend  under  the  length  of  the  vessel.  As  this  portion 
had  to  be  constructed  by  the  aid  of  divers,  and  its  execution  was 
attended  with  serious  difficulty,  it  has  been  proposed  to  shorten  the 
slip  in  the  three  ways  shown  combined  in  Fig.  7,  Plate  16.  The  first 
plan  is  to  make  the  sli|)  of  a  ciirved  form,  giving  a  steeper  slope  to 
the  upper  portions  of  the  slip,  so  that  the  length  below  the  water  line 
is  not  so  great  as  if  the  slope  had  been  continued  uniform  up  from 
the  bottom  end  ;  the  second  mode,  intended  for  places  where  there  is 
a  rise  and  fall  of  the  tide,  is  to  enclose  the  upper  part  of  the  slip 
within  water-tight  walls  and  to  employ  gates  for  shutting  out  the 
water ;  and  the  third  plan  is  a  telescopic  construction  of  the  cradle 
on  which  the  ship  is  lifted. 

In  Fig.  7  the  ship  is  shown  partially  raised,  and  with  all  the 
lengths  of  the  telescopic  cradle  fully  drawn  out.     A  A  represents 
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the  surface  of  the  slip  made  to  a  curve  ;  E  tlie  gates,  placed  just  below 
Avhere  the  vessel  will  be  when  fully  hauled  up ;  B  the  telescopic 
cradle,  composed  of  lengths  attached  to  each  other  by  rods  F,  so 
that  when  it  is  lowered  it  may  rest  at  the  bottom  of  the  slip 
collapsed  to  about  one  half  its  full  length.  As  soon  as  the  stem 
of  the  vessel  takes  its  bearing  on  the  first  section  of  the  cradle  and 
the  hauling  commences,  this  first  section  is  drawn  out  from  the 
second  to  the  full  extent  of  its  coupling  rods,  and  the  second  is  then 
drawn  out  from  the  third,  and  so  on ;  the  result  being  that  the 
vessel  is  securely  taken  up  on  a  cradle  requiring  no  greater  length 
of  slip- way  below  the  ship  than  half  the  length  of  the  ship.  By 
these  various  contrivances  the  length  of  slip  has  been  considerably 
shortened  from  what  it  would  have  been  if  constructed  on  the 
original  system  unaltered ;  but  as  regards  the  dock-gates  and  the 
water-tight  side  walls,  it  may  not  unfairly  be  said  that  their  use 
is  inconsistent  with  the  employment  of  a  simple  slip,  nor  indeed 
could  they  be  resorted  to  in  a  tideless  sea  witliont  the  expense  of 
pumping  apparatus  to  empty  the  upper  part  of  the  slip. 

The  application  of  this  slip  to  vessels  of  a  larger  class  soon 
rendered  some  improvement  necessary  in  the  simple  hauling  chain 
that  had  sufliced  for  ships  of  200  tons.  A  set  of  traction  rods  was 
first  substituted  for  the  body  of  the  chain,  and  Avas  hauled  in  by 
a  short  flat-hnked  chain  working  over  a  pitched  wheel  driven  by 
gearing.  The  end  of  this  flat  chain  was  first  attached  to  the 
foremost  rod,  and  then  hauled  in  until  the  second  rod  was  brought 
up  to  the  place  of  the  first,  when  the  flat  chain  was  overhauled  and 
made  fast  to  the  second  rod ;  and  this  operation  was  repeated  with 
the  successive  traction  rods  until  the  ship  was  fully  drawn  up.  A 
further  improvement  consisted  in  making  the  flat-linked  chain 
endless,  so  as  to  avoid  the  necessity  of  overhauling  it.  For  some 
time  past  however  the  larger  slips  that  have  been  erected  have  been 
worked  by  the  direct  application  of  hydraiilic  rams  to  the  ends  of 
the  traction  rods ;  and  among  other  plans  double  presses  have  been 
employed,  made  to  work  alternately,  so  that  the  hauling  up  might 
be  nearlv  continuous. 


86  FLOATING    DOCKS. 

An  important  adjunct  to  the  slip  is  an  arrangement  of  transverse 
lines  of  rails  in  the  building  yard  at  the  npper  end  of  the  slip,  so 
that  by  the  use  of  carriages  the  vessels  hauled  up  can  be  shifted 
sideways,  thereby  enabling  a  single  slip  to  serve  for  hauling  up 
several  vessels  in  succession,  so  that  their  repairs  may  be  going  on 
at  the  same  time. 

The  simple  plan  already  mentioned  of  placing  a  ship  on  a  beach 
at  high  w^ater,  so  that  it  may  be  left  dry  at  the  ebb,  is  still  used 
where  there  is  a  considerable  rise  and  fall  of  tide ;  and  to  enable 
it  to  be  carried  out  without  risk  of  unequal  support  to  the  ship,  a 
regular  open  framing  of  beams  is  made  on  the  beach,  called  a 
"  gridiron,"  by  means  of  which  vessels  can  be  blocked  up,  and 
properly  examined  and  repaired  at  low  water.  There  is  of  course 
the  objection  that  at  the  rise  of  each  tide  the  work  has  to  be 
suspended ;  but  nevertheless  the  system  is  so  simple  and  inexpensive, 
and  the  vessels  are  so  readily  got  off  and  on,  that  it  still  continues 
to  be  used. 

In  the  plans  pi'eviously  referred  to  for  lifting  vessels  out  of  the 
water,  the  vessels  have  been  hauled  up  on  an  inchne ;  and  in  the 
class  of  Direct  Lifts,  which  has  now  to  be  considered,  the  earliest  is 
that  of  Mr.  Alexander  Mitchell,  the  inventor  of  the  screw  pile,  who 
in  1833  proposed  to  employ  the  rise  and  fall  of  the  tide  for  raising 
vessels  out  of  the  water  by  the  means  shown  in  Fig.  4,  Plate  15. 
Two  parallel  rows  of  piling  A  A  are  placed  sufficiently  wide 
apart  to  admit  the  vessel  between  them  ;  and  B  B  represents  a 
permanently  buoyant  floor,  made  of  light  materials  or  of  caissons. 
On  the  ebb  of  the  tide  this  floor  sinks  between  the  piles,  and  at  low 
water  pins  C  C  are  fixed  in  the  piles  above  the  flooring.  When  the 
tide  next  rises  the  floor  is  held  down  by  the  pins,  and  at  high  water 
the  vessel  is  brought  over  the  floor  and  allowed  to  settle  down  on  it, 
being  maintained  in  an  upright  position  by  shores  from  the  piles. 
At  the  next  ebb  the  ship  is  duly  propped  up  by  bilge  shores  from 
the  floor  ;  and  the  side  shores  being  then  removed  and  the  holding- 
down  pins  withdrawn,  the  flooring  is  lifted  by  the  next  rising  of  the 
tide,  taking  up  the   ship  with  it,  which  rises  and  falls  with   the 
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buoyant  flooring  at  each  tide  until  the  repair  is  completed,  when 
the  flooring  is  again  held  down  for  the  vessel  to  be  floated  ofi"  at  the 
next  high  tide.  This  plan  is  evidently  not  suitable  for  cases  requiring 
rapid  access,  as  it  needs  at  least  three  low  and  three  high  tides  for 
enabling  a  vessel  to  be  got  on  and  off. 

In  1827  a  Screw  Lift  was  constructed  in  America  for  raisiner 
vessels  independent  of  the  tide.  This  is  shown  in  Fig.  10,  Plate  17, 
and  consisted  of  a  platform  A  on  which  the  vessel  was  to  be  lifted, 
the  ends  B  of  the  transverse  timbers  of  the  platform  being  steadied 
by  two  parallel  rows  of  piles  C  C,  placed  far  enough  apart  to  admit 
the  vessel  between  them.  The  longitudinal  timbers  which  connected 
the  heads  of  the  piles  carried  a  number  of  vertical  screws,  as  many 
as  46  having  been  used  in  one  instance,  the  lower  ends  of  which 
were  connected  to  the  transverse  timbers  of  the  platform,  so  as  to 
raise  the  vessel  out  of  the  water.  Since  1836  however  this  lift  has 
been  worked  by  means  of  hydraulic  presses.  Fig.  11  shows  the 
arrangement  which  the  writer  saw  at  work  at  New  York  in  1853. 
Chains  shown  by  the  dotted  lines  are  attached  to  the  ends  of  the 
transverse  bearers  B  B  of  the  platform,  and  pass  over  pulleys  to  the 
long  traction  bars  D,  the  land  ends  of  which  are  connected  to 
the  hydrauhc  presses  E  for  lifting  the  platform  with  the  ship 
upon  it. 

In  1842  an  improvement  upon  the  screw  lifting  dock  was 
proposed  by  Mr.  Robert  Mallet,  which  is  shown  in  Fig.  9,  Plate  16. 
The  framework  B  on  which  the  ship  is  to  be  raised  is  carried  on  a 
number  of  supports  C  C,  hinged  at  their  lower  ends  to  eyes  D 
supported  on  the  rock  or  on  piles,  and  at  their  upper  ends  to  the 
frame  B,  forming  a  sort  of  parallel-ruler  motion.  The  slings  E 
attached  to  the  top  of  the  supports  C  are  provided  at  their  upper 
ends  with  rollers,  which  run  within  a  tubular  rail  F  having  a 
continuous  slot  on  its  underside,  as  shown  to  a  larger  scale  in  the 
section  Fig.  8  ;  and  the  slings  are  hauled  in  by  the  chains  G  worked 
by  powerful  steam  winches.  The  frame  B  being  lowered  and  the 
ship  drawn  over  it,  the  chains  are  then  hauled  in,  so  as  to  pull  the 
slings  horizontally,  thereby  raising  the  framing  until  the  ship  is  lifted 
out  of  the  water.      TJiis  arrangement  has  the  advantage  of  giving  a 
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nearly  uniform  strain  on  the  chains  and  machinery  throughout  the 
lifting  of  the  vessel,  inasmuch  as  at  the  commencement,  when  the 
supports  are  nearly  horizontal  and  carry  but  little  of  the  weight,  the 
slings  are  vertical  and  the  weight  of  the  ship  is  almost  entirely 
carried  by  the  water  ;  wdiile  by  the  time  the  ship  has  lost  the  support 
of  the  Y\"ater  and  the  slings  have  become  inclined,  the  supports  have 
assumed  a  position  more  nearly  upright,  and  therefore,  although 
the  wdiole  weight  of  the  ship  has  now  to  be  borne  by  the  lift,  the 
proportionate  strain  coming  on  the  chains  is  but  small. 

In  the  lift  designed  by  Mr.  Scott  in  1850,  and  shown  in  Fig.  14, 
Plate  18,  the  ends  B  B  of  the  cross  timbers  of  the  platform  A  were 
attached  to  slings  depending  from  the  crossheads  of  a  number  of 
vertical  hydraulic  presses  C  C,  the  stroke  of  the  presses  being  equal 
to  the  Hft  of  the  vessel.  It  was  intended  either  to  repair  the  vessel 
on  the  platform,  or  to  move  it  oiF  on  railways  either  endways  or 
sideways,  so  as  to  make  one  lift  answ^er  for  the  simultaneous  repair 
of  several  vessels. 

The  ship  lift  of  Mr.  Edwin  Clark,  w^hich  was  put  to  work  at  the 
Victoria  Docks,  London,  in  1857,  is  shown  in  Figs.  12  and  13,  Plate  17. 
The  two  parallel  rows  of  cast-iron  columns  A  A  contain  hydraulic 
presses,  and  the  slings  from  the  crossheads  of  the  presses  are  attached 
to  truss  girders  B  B  which  extend  from  side  to  side  of  the  dock.  If 
the  lift  be  used  at  a  place  v.^here  repairs  are  not  frequent,  these 
girders  carry  the  framing  on  which  the  ship  is  to  be  hfted  ;  but 
if  the  lift  is  expected  to  be  much  used,  as  in  the  case  of  the  Victoria 
Docks,  then  these  cross  girders  carry  a  saucer  G  or  shallow  wrought- 
iron  vessel  of  sufficient  capacity  to  float  the  largest  ship  which  can 
be  taken  on  the  lift.  The  girders  being  down  and  the  saucer  upon 
them,  the  ship  is  floated  and  adjusted  over  it ;  a,nd  the  hydraulic 
presses  being  put  to  work,  the  saucer  is  raised  until  the  blocks  touch 
the  keel  of  the  vessel ;  bilge  blocks  are  then  drawn  in  against  the 
vessel,  and  the  working  of  the  presses  is  resumed  until  the  saucer  is 
raised  above  the  w^ater.  The  saucer  is  provided  with  large  valves, 
Avhich  are  opened  during  the  time  of  raising,  so  that  the  water  runs 
out  as  the  saucer  rises ;  but  as  soon  as  the  saucer  is  fully  up,  these 
valves  are  closed,  and  then  the  repair  is  either  done  on  the  lift,  or 
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else  the  girders  are  lowered  again  and  the  saucer  left  floating  with 
the  ship  on  it.  The  saucer  is  then  hauled  away  to  one  of  the  basins 
D  D,  Fig.  13,  which  it  just  tits  both  in  surface  dimensions  and  draft 
of  water ;  and  the  repairs  are  executed  there,  leaving  the  hft  at 
liberty  to  be  used  for  other  vessels.  At  the  Victoria  Docks  there  are 
now  eight  of  these  saucers  in  use. 

Another  lift  that  was  erected  in  the  London  Docks  consisted  of 
a  pontoon  carrying  a  deck,  over  Avhich  the  vessel  to  be  raised  was 
hauled,  the  pontoon  at  the  time  being  full  of  water.  When  the 
vessel  was  adjusted  over  the  pontoon,  the  water  was  pumped  out 
from  it,  and  then  the  pontoon  rose,  lifting  the  vessel  with  it.  To 
preserve  the  surface  of  the  pontoon  horizontal  in  rising,  a  number 
of  parallel-ruler  joints  w^ere  connected  to  the  pontoon  and  to  eyes  at 
the  bottom  of  the  basin.  Unfortunately  this  apparatus  failed  before 
any  ship  had  been  docked  upon  it.  The  failure  is  believed  to  have 
been  due  to  a  want  of  strength  in  the  parts,  as  the  pontoon  on 
being  lowered  sprung  so  serious  a  leak  that  it  became  impossible  to 
raise  it  again,  and  it  remains  a  wreck  to  this  day. 

In  each  of  the  various  plans  already  considered,  with  the  single 
exception  of  careening  by  the  aid  of  another  vessel,  it  has  been 
necessary  that  there  should  be  some  connection  with  the  solid 
ground ;  but  Floating  Docks  properly  so  called  dispense  with  the 
necessity  of  any  such  connection  with  the  land  for  the  purpose  of 
support,  as  the  dependence  for  support  is  on  the  water  alone,  the 
only  requirements  being  a  sufficient  depth  of  water  and  a  holding 
ground  to  w^hich  the  apparatus  can  be  anchored. 

As  early  as  1785  a  Floating  Dock  was  constructed  by  a  shipbuilder 
named  Watson  at  Rotherhithe,  which  is  sho"wn  in  Fig.  15,  Plate  18. 
It  consisted  of  a  timber  vessel,  245  feet  long,  58  feet  wide,  and  23  feet 
deep  on  the  blocks,  having  an  open  end  which  could  be  closed  by  gates. 
Water  being  admitted  into  the  vessel  to  sink  it  to  a  sufficient  depth, 
the  gates  were  opened,  the  ship  to  be  repaired  was  drawn  in,  and  then 
the  gates  being  closed  and  the  sluices  shut  the  water  was  pumped  out, 
leaving  the  ship  in  the  interior  of  a  true  floating  dry-dock.  Mention 
is  made  of  one  vessel,  the  "Mercury,"  having  been  docked  in  this  dock 
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with  great  success.  No  provision  appears  to  have  been  made  to 
regulate  the  descent  of  the  dock  nor  to  prevent  it  from  sinking  too 
low,  and  it  is  to  be  assumed  that  the  material  employed  being  wood 
was  in  itself  sufficient  for  this  purpose.  Docks  of  a  similar  character 
have  been  constructed  at  various  times  and  places ;  but  in  order  to 
ensure  stability  they  have  been  sunk  between  guiding  piles  upon  a 
level  bed,  and  were  therefore  not  true  floating  docks,  that  is,  docks 
independent  of  the  land.  Such  a  dock  it  appears  was  proposed  to  be 
constructed  for  the  port  of  Havre  about  1848. 

In  1809  Trevithick  and  Dickinson  designed  a  floating  dock  or 
caisson  of  wrought  iron,  with  air  chambers  at  the  sides  for  floating 
the  dock  when  its  body  was  full  of  water.  It  was  then  to  be  sunk 
by  admitting  just  as  much  water  into  the  air  chambers  as  was 
required  for  making  it  very  slightly  in  excess  of  the  specific  gravity 
of  the  water ;  and  the  ship  being  brought  over  it,  the  caisson  was  to 
be  raised  by  ropes  until  its  top  edge  was  brought  just  above  the 
surface ;  and  then  the  water  was  to  be  pumped  out  of  the  body 
of  the  dock,  so  as  to  make  the  caisson  rise  all  round  the  ship,  leaving 
the  ship  accessible  for  repair.  The  size  of  caisson  proposed  was 
220  feet  long,  54  feet  wide  inside,  and  30  feet  deep,  the  top  being 
surrounded  by  a  flat  rim  6  feet  wide  to  serve  as  a  working  platform 
and  also  to  strengthen  the  edge.  The  record  of  this  idea  appears 
to  possess  considerable  interest,  as  showing  that  even  so  early  as 
1809  the  possibility  of  constructing  a  wrought-iron  caisson  of  these 
large  dimensions  was  contemplated. 

The  Sectional  Floating  Dock,  invented  about  1837  in  the  United 
States,  is  shown  in  Figs.  16  and  17,  Plate  18.  The  sections  AAA, 
from  which  the  dock  takes  its  name,  are  each  composed  of  a  bottom 
caisson  B,  on  the  ends  of  which  are  raised  frames  C  C  carrying 
platforms  and  houses  D  D,  The  frames  are  made  high  enough  for 
the  greatest  depth  to  which  the  dock  has  to  be  sunk,  so  that  the 
platforms  and  houses  may  at  all  times  be  out  of  the  water.  In  the 
frames  are  placed  air  tanks  E  E,  capable  of  vertical  movement 
within  the  frames ;  or  rather  the  frames  are  capable  of  movement 
past  the  tanks,  as  the  latter  remain  without  much  variation  in 
reference  to  the  level  of  the  water  that  the  dock  is  floating  in.     The 
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connection  between  the  tanks  and  frames  is  made  by  means  of  rack 
and  pinion  gearing,  worked  off  shafting  which  extends  along  the 
dock  from  the  engines  in  the  houses  on  the  central  section.  The 
same  shafting  also  works,  in  all  the  houses,  pumps  connected  with 
the  bottom  caissons  B.  In  applying  this  dock  for  lifting  a  vessel,  a 
number  of  the  sections  are  brought  together  and  secured  to  one 
another  by  tie  beams ;  and  sluice  valves  being  opened  to  admit 
water  into  the  caissons  B,  the  dock  begins  to  sink.  The  gearing 
connected  with  the  air  tanks  E  is  then  put  to  work,  so  as  to  allow 
the  tanks  to  remain  at  the  surface  of  the  water  w^hile  the  dock  sinks 
to  the  desired  depth,  at  which  it  is  then  held  suspended  by  the  air 
tanks.  The  sluice  cocks  are  then  shut,  and  the  vessel  is  drawn 
into  the  dock  and  secured  in  a  central  position  by  "breast  shores." 
The  pumps  are  then  all  put  to  work  to  raise  the  dock  until  the 
vessel  takes  the  keel  blocks,  when  the  bilge  blocks  are  hauled  in 
to  support  her,  and  the  pumping  is  continued,  causing  the  dock 
to  rise,  hfting  the  vessel  with  it.  In  the  act  of  rising  the  whole 
is  in  a  state  of  unstable  equilibrium  and  would  be  liable  to  turn  over, 
were  it  not  for  the  air  tanks,  which  by  means  of  the  gearing  are 
still  kept  at  the  water  level.  By  this  arrangement,  if  the  dock 
endeavour  to  heel  over,  it  is  at  once  restrained  by  the  air  tanks, 
as  it  cannot  change  its  perpendicular  position  without  drawing  those 
on  one  side  partially  into  the  water,  and  >^aising  the  opposite  ones 
an  equal  amount  out  of  the  water.  Thus  if  due  precautions  as  to 
bulkheads  be  taken  in  the  construction  of  the  dock,  to  prevent  an 
excessive  force  from  being  applied  to  turn  the  dock  over,  the  side  air 
tanks  are  sufficient  not  merely  for  determining  the  point  to  which 
the  dock  shall  sink,  but  also  for  giving  it  stability  both  in  rising  and 
in  sinking.  These  sectional  docks  have  been  connected  with  a  system 
of  railways,  so  that  a  vessel  might  be  run  off  the  dock  on  to  the 
rails  and  be  repaired  there,  while  the  dock  was  used  to  lift  another 
vessel. 

The  Balance  Dock  or  Box  Dock,  introduced  in  the  United 
States  in  1839,  is  shown  in  Fig.  18,  Plate  19,  and  consists  essentially 
of  a  pontoon  bottom  with  two  side  walls.  The  pontoon  possesses 
sufficient  displacement  to  carry  the  whole  weight  of  the  dock  and  of 
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any  ordinary  vessel  that  has  to  be  raised.  The  side  walls  are  hollow 
and  of  considerable  width,  serving  the  same  purpose  as  the  air  tanks 
in  the  sectional  dock,  namely  to  prevent  the  dock  from  sinking  too 
far  and  to  preserve  its  stability  in  rising  and  sinking.  Port  holes 
are  made  in  these  walls  to  assist  ventilation,  and  the  walls  afford  the 
means  of  shoring  up  the  ship  by  breast  shores  as  m  a  stone  dock ;  on 
the  top  are  the  enginehouse  and  pumps  and  the  working  platform. 
For  lifting  the  heaviest  vessel  that  could  be  taken  inside  the  dock, 
gates  have  been  fitted  at  the  ends  of  the  dock,  so  that  it  might  float 
with  the  surface  of  the  pontoon  below  the  water  and  thus  acquire  an 
additional  amount  of  buoyant  power  according  to  the  depth  of 
immersion. 

Several  balance  docks  have  been  constructed  in  America,  which 
the  writer  believes  have  all  been  built  of  w^ood.  The  dock  at 
Havana  was  built  at  'Ne\Y  Orleans  in  1858,  and  was  tow^ed  out 
without  accident  to  Havana.  It  is  300  feet  long  by  79  feet  broad, 
and  the  hollow  floor  is  9  feet  6  inches  deep ;  it  can  lift  a 
vessel  of  20  feet  draft.  It  is  provided  with  one  steam  engine, 
having  a  cylinder  12  ins.  diameter  and  30  ins.  stroke,  working 
with  60  lbs.  steam,  and  driving  seven  pumps  with  barrels  24  ins. 
diameter  and  30  ins.  stroke,  making  about  14  double  strokes  per 
minute.  Being  constructed  of  wood,  with  a  solid  thickness  of 
2  ft.  6  ins.  of  timber  in  the  flooring,  the  floating  power  of  this  dock  is 
so  great,  that  for  sinking  it  not  only  has  all  the  available  space  to  be 
filled  with  water,  but  500  tons  of  ballast  have  to  be  added.  The 
total  cost  of  this  dock  was  £100,000. 

In  1859  the  writer,  in  conjunction  with  Messrs.  Miers  and 
Maylor  of  Rio  de  Janeiro,  designed  for  the  Brazilian  government 
a  plan  of  Floating  Lift  which  combined  the  principles  of  the  American 
hydraulic  lift  and  of  the  floating  dock.  This  is  shown  in 
Fig.  19,  Plate  19,  and  consisted  of  two  parallel  floating  pontoons  A, 
carrying  between  them  a  framing  B,  on  which  the  ship  was  to  be 
lifted  by  chains,  pulleys,  traction  bars,  and  hydraulic  presses  C, 
precisely  as  in  the  American  arrangement.  Two  presses  however 
were  here  applied  to  each  traction  bar,  one  at  the  further  end  and 
one  half-way,  whereby  the  strains  on  the  traction  bars,  and  therefore 
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tlieir  requisite  sectional  area,  were  diminished ;  and  the  presses 
Avcre  so  arranged  that  they  made  the  lift  in  two  strokes  of  half 
the  length.  The  pontoons  were  arranged  to  separate  into  parts, 
when  required  for  shorter  vessels  at  different  places ;  but  when 
these  parts  were  used  combined  together  for  the  largest  ships,  means 
were  provided  to  ensui'c  the  preservation  of  the  full  strength  of  the 
pontoons  as  girders. 

In  considering  the  essential  principles  of  a  good  Floating  Dock, 
and  the  defects  most  important  to  be  guarded  against,  the  first  and 
principal  requii^ement  appears  to  the  writer  to  be  that  the  ship  should 
be  supported  on  as  rigid  a  bottom  as  when  on  a  building  slip  or 
in  a  stone  dry-dock.  This  condition  however  is  not  universally 
recognised,  and  on  the  contrary  it  is  urged  that,  if  a  vessel  has 
assumed  a  certain  distorted  form  in  the  water,  this  form  ought  to  be 
retained  when  out  of  the  water  for  the  purposes  of  repair ;  and  it  is 
alleged  that  this  can  be  accomplished  by  giving  the  ship  an 
elastic  bearing,  such  as  that  afforded  by  the  separate  portions 
of  the  sectional  dock,  or  by  the  somewhat  yielding  saucer  of  the 
Thames  gra,ving  dock.  The  employment  of  an  elastic  bearing 
appears  to  the  wi^iter  however  to  be  erroneous,  because  it  is  based 
on  the  assumption,  either  that  the  ship  having  ah-eady  gone  out  of 
shape  to  a  certain  extent  will  not  yield  further ;  or  that  all  the  parts 
of  a  vessel  are  of  equal  weight  per  foot  run,  so  that  the  elastic 
bearing  will  yield  to  an  equal  extent  at  all  parts  throughout  the 
entire  length  of  the  vessel,  which  is  evidently  contrary  to  fact. 

The  other  requirements  of  a  floating  dock  are, — stability — 
ventilation — facility  for  repair  of  the  dock  itself — and  a  minimum 
expenditure  of  power  and  time  in  lifting  the  dock.  The  materials 
employed  should  also  be  arranged  in  such  a  manner  as  to  obtain  a 
maximum  of  strength  from  a  minimum  of  material ;  and  the  design 
should  be  one  admitting  of  many  repetitions  of  a  few  forms,  so  as  to 
allow  of  the  work  being  done  to  a  few  standard  templates,  avoiding 
as  far  as  possible  any  necessity  for  welding  heats  and  smith's  work. 

As  regards  the  question  of  stability,  the  difficulty  is  experienced 
not  when  the  dock  is  raised  with  the  surface  of  its  floor  fairlv  above  the 
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water,  but  during  the  time  that  it  is  in  the  act  of  raising  or  lowering 
a  vessel.  The  stability  of  the  dock  when  raised  is  great,  as  illustrated 
by  Fig.  20,  Plate  19,  where  A  represents  the  centre  of  gravity  of 
the  dock  with  the  vessel,  B  the  centre  of  buoyancy  when  the  dock  is 
not  heeled  over,  and  0  the  new  centre  of  buoyancy  when  the  dock 
is  heeled  over.  It  will  be  seen  that  the  new  centre  C  is  far  outside 
the  perpendicular  from  A,  and  that  there  is  therefore  a  strong 
tendency  for  the  dock  to  right  itself.  But  when  the  dock  has  been 
sunk  so  that  the  bottom  is  entirely  below  the  water  line,  then  some 
contrivance  must  be  resorted  to  not  merely  for  keeping  it  from 
sinking  to  the  bottom  of  the  sea  but  also  for  keeping  it  from  turning 
over. 

When  the  vessel  in  the  dock  is  equally  loaded  on  each  side  of  its 
centre  line,  and  is  placed  on  the  keel  blocks  perfectly  in  the  centre 
of  the  dock,  then  during  the  raising  of  the  dock  the  whole  is  free 
from  any  tendency  to  turn  over  to  one  side  more  than  the  other, 
but  at  the  same  time  is  manifestly  in  a  state  of  unstable  equilibrium. 
Now  if  the  dock  heel-over  a  little  under  any  influence,  such  as  the 
wind,  the  causes  which  would  increase  its  inclination  and  turn  it 
over  are,  first,  the  fact  of  the  centre  of  gravity  of  the  ship  and  dock 
being  no  longer  over  the  centre  of  support ;  and  secondly  and 
largely,  the  fact  that  the  water  remaining  not  yet  pumped  out  shifts 
its  position  in  the  dock,  and  thereby  seriously  affects  the  stability, 
unless  proper  arrangements  be  made  for  preventing  such  an 
occurrence.  In  some  docks  that  have  been  constructed  due  attention 
appears  not  to  have  been  paid  to  this  point,  and  the  writer  believes 
it  is  principally  from  this  cause  that  failures  have  occurred  in 
floating  docks. 

If  a  floating  dock  made  without  any  longitudinal  water-tight 
bulkheads,  as  in  Fig.  21,  were  half  full  of  water,  and  were  to  be 
heeled- over  sideways  so  that  the  surface  of  the  water  should  extend 
as  a  diagonal  from  corner  to  corner,  the  result  would  be  to  shift  the 
centre  of  gravity  of  the  water  to  A,  one-thii'd  the  width  of  the  dock 
from  the  lower  side  or  one-sixth  from  the  middle.  But  if  the  dock 
have  one  longitudinal  water-tight  bulkhead  along  the  centre,  as  in 
Fig.  22,  then  the  same  amount  of  heeling-over  will  cause  the  surface 
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of  the  water  to  assume  the  shape  shown  in  each  compartment, 
which  may  be  looked  on  as  being  divided  into  two  equal  parts,  a 
paralleh^gram  and  a  triangle.  The  centre  of  gravity  of  the  two 
parallelograms  B  C  D  E  will  of  course  be  the  same  as  before  the  dock 
was  heeled  over,  while  the  centres  A  A  of  the  triangles  being 
one-sixth  of  the  total  width  from  their  lower  ends,  the  common 
centre  of  gravity  Gr  of  the  two  will  be  at  one-twelfth  of  the  width 
from  the  centre  of  the  dock,  or  only  half  the  distance  of  the  centre 
of  gravity  in  the  former  case  ;  but  as  the  contents  of  the  two  triangles 
taken  together  are  equal  to  only  half  the  triangle  in  the  former  case, 
the  effective  moment  tending  to  turn  the  dock  over  is  only  l-4th  of 
that  which  it  was  without  a  bulkhead.  Similarly  if  three  bulkheads 
were  put  in,  so  as  to  di^dde  the  dock  into  four  compartments,  the 
effect  of  the  water  in  turning  the  dock  over  would  be  reduced  to 
l-16th  of  what  it  was  when  there  was  no  bulkhead  ;  and  generally, 
the  tendency  of  the  water  to  turn  the  dock  over  when  it  is  at  all 
inclined  diminishes  in  the  ratio  of  the  squares  of  the  number  of 
chambers  into  -which  the  dock  is  divided. 

The  foregoing  principles  were  kept  in  view  by  the  writer  on  the 
occasion  of  having  to  design  a  Floating  Dock  for  the  Danish  Island 
of  St.  Thomas,  in  the  West  Indies.  This  dock  has  been  prepared  in 
England,  and  is  now  in  course  of  erection  at  St.  Thomas  ;  and  it  is 
shown  in  Figs.  24  and  25,  Plates  20  and  21.  The  leading  particulars 
are  as  follows  :  length  300  ft.,  external  width  100  ft.,  clear  width 
between  the  side  girders  72  ft.,  depth  of  bottom  9  ft.  9  ins.,  extreme 
height  42  ft.  3  ins.  The  dock  can  take  in  and  lift,  leaving  an  adequate 
amount  of  free  board,  a  vessel  drawing  24  ft.  of  water  and  not 
exceeding  4000  tons  of  actual  weight,  not  tonnage  ;  and  the  weight  of 
the  dock,  with  machinery  and  all  complete,  is  about  3400  tons. 

A  A  are  the  main  longitudinal  girders,  and  B  the  separate 
transverse  water-tight  pontoons,  six  in  number,  forming  the  bottom 
of  the  dock.  These  have  "  set  downs  "  at  the  ends,  where  they 
receive  the  bottoms  of  the  main  side  girders,  as  shown  in  Fig.  25  ; 
and  as  any  one  pontoon  may  have  either  to  support  the  girders  or  to 
be  partially  supported  by  them,  the  connection  has  been  made  by 
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means  of  very  strong  attachments  rivetted  to  tlie  pontoons  and 
having  shanks  extending  down  to  the  very  bottom  of  them.  Cross 
plates  are  placed  over  the  diagonals  of  the  main  girders,  near  the 
junction  of  the  diagonals  with  the  uprights ;  and  on  these  plates 
bear  strong  cotters,  so  that  if  one  of  the  pontoons  were  quite  full  of 
water  it  could  be  lifted  by  the  others  without  the  least  injury.  This 
attachment  of  the  pontoons  to  the  girders  is  one  which  can  at  any 
time  be  readily  undone,  so  that  any  pontoon  can  be  detached  and 
floated  away,  and  then  taken  up  on  the  remaining  pontoons  for 
examination  and  repair. 

The  ship  is  supported  in  the  usual  Avay  upon  the  keel  blocks  C, 
which  are  provided  with  folding  wedges.  These  blocks  are  secured 
to  the  upper  decks  of  the  pontoons  immediately  over  the  longitudinal 
bulkhead  D,  which  extends  along  the  centre  line  of  the  dock  in  each 
pontoon.  In  this  way  a  portion  of  the  weight  of  the  ship  is 
transmitted  directly  to  the  bottom  plates,  say  over  the  area  E  F. 
Another  portion  of  the  weight  is  transmitted  by  the  two  sloping 
ties  I  of  the  athwartship  trusses  to  the  water-tight  bulkheads  J, 
and  by  these  to  the  bottom  plates,  which  take  off  a  further  portion 
represented  by  the  spaces  F  G.  A  further  portion  is  transmitted 
through  the  ties  K  to  the  uprights  L,  and  thence  to  the  bottom 
at  Gr  H,  and  so  on  to  the  end.  There  are  nineteen  of  the 
athwartship  trusses  above  described,  placed  side  by  side  in  each 
pontoon ;  and  at  the  point  M  is  provided  a  system  of  fore-and-aft 
trussing,  whereby  the  whole  of  these  athwartship  trusses  are 
connected  with  the  fastenings  by  which  the  pontoons  are  hung  up 
to  the  main  girders  A  A.  In  this  way  the  weight  of  that  part  of  the 
ship  which  bears  on  any  pontoon  is  upheld  either  entirely  by  that 
pontoon  alone,  or  by  transmission  of  the  surplus  weight  through  the 
main  girders  to  some  more  lightly  loaded  pontoon  ;  and  in  order  to 
enable  any  lightly  loaded  pontoon  to  receive  the  load  brought  upon 
it  by  the  girders,  each  pontoon  is  provided  with  a  reverse  set  of 
diagonals  in  the  athwartship  trusses,  which  transmit  the  weight 
from  the  sides  towards  the  centre. 

The  bilges  of  the  ship  are  supported  by  the  hinged  bilge-shores 
N  N,  wliich  are  provided  with  soft  wood  caps  and  wedges  to  take  the 
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immediate  bearing  against  the  ship,  and  are  upheld  by  pauls  of  two 
different  lengths,  so  that  when  the  range  of  the  shorter  pauls  is  passed 
the  longer  pauls  come  into  play.  These  pauls  take  into  rack  plates, 
which  are  supported  on  transverse  timbers.  The  pressure  produced 
by  the  bilge-shores  is  transmitted  mainly  to  the  longitudinal  water- 
tight bulkheads  J  in  the  pontoons.  This  system  of  bilge-shores  was 
proposed  by  Messrs.  Miers  and  Maylor  in  the  Brazilian  hydrauHc 
dock  before  referred  to. 

Wlien  the  dock  is  fully  up  ^\4th  the  ship  on  it,  the  pressure  from 
the  water  is  comparatively  trifling,  being  not  more  than  about 
9  feet  head  of  water  against  the  bottom  plates  ;  but  when  the  dock, 
after  being  sunk  to  its  full  depth  and  ha^mig  received  the  ship,  is 
in  the  act  of  beginning  to  rise  by  the  water  being  pumped  out,  then 
the  pressure  of  the  external  water  upon  the  bottom  plates  of  the 
sunken  portion  is  about  28  feet  head  of  water  or  about  12|  lbs.  per 
square  inch  or  4-5ths  ton  per  square  foot.  In  order  to  economise 
material,  the  wi'iter  determined  on  resisting  this  pressure,  not  by 
means  of  "  frames,"  as  in  a  ship,  because  for  so  large  an  extent  of 
surface  their  weight  would  have  been  excessive  ;  but  by  means  of  a 
system  of  inverted  queen  trusses  0  0.  As  regards  the  vertical 
plates,  forming  the  sides  and  ends  of  the  pontoons,  these  trusses 
are  in  most  cases  complete  ;  but  as  regards  the  top  and  bottom 
plates  and  a  few  of  the  vertical  plates,  advantage  is  taken  of  the 
various  diagonals  of  the  main  trusses  to  form  portions  of  these  minor 
trusses  so  far  as  they  extend.  This  arrangement  does  not  require 
one  piece  of  metal  to  fulfil  two  duties  at  a  time,  inasmuch  as  when 
the  main  trusses  are  fully  loaded,  by  the  dock  being  fully  raised  and 
carrying  the  whole  weight  of  the  vessel,  the  pressure  produced  by 
the  water  is  then  but  slight,  and  therefore  the  small  trusses  come 
upon  the  main  trusses  for  only  an  inconsiderable  amount  of 
assistance ;  whilst  when  the  dock  is  sunk  and  the  full  strain  comes 
upon  the  small  trusses  by  the  pressure  of  the  water,  the  main  trusses 
are  not  then  required  to  exert  any  resistance  in  respect  of  the  vessel, 
which  at  that  time  is  borne  by  the  water. 

The  bottom  members  of  each  of  the  main  girders  A  A  are  formed 
not  only  to  resist  extension,  but  are  provided  with  sufficient  lateral 
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stiffness  for  resisting  compression,  by  being  composed  of  two  parallel 
double  girders  P  P,  connected  at  tbe  bottom  by  horizontal  stmts 
and  diagonal  ties.  The  top  member  of  each  main  girder  is  composed 
of  two  small  girders  Q  Q,  similar  to  those  of  the  bottom  member 
but  united  at  their  lower  edges  by  a  floor  E,  forming  a  trough 
section.  This  trough  has  its  sides  and  bottom  made  water-tight, 
and  is  covered  with  a  wooden  deck  carried  on  iron  deck-beams ; 
and  within  it  are  the  various  shafts  and  gearing  for  the  working 
of  the  dock.  The  diagonals  of  the  main  girders  A  A  are  formed  each 
of  two  plates,  connected  by  stretchers,  bolts,  and  lattice  bracing. 
The  uprights  of  the  girders  are  made  of  open  lattice  columns  with 
strong  angle-irons  at  the  corners  ;  and  to  these  angle-irons  are  rivetted 
plates  and  other  angle-irons,  which  act  as  guides  for  the  floats  T. 
Prom  each  of  the  uprights  and  from  the  junction  of  the  diagonals 
extend  the  main  altar  frames  S  S  to  the  top  of  the  pontoons ;  and 
between  each  pair  of  these  main  frames  are  intermediate  lighter 
altar  frames.  The  feet  of  all  the  altar  frames  are  secured  to  the 
pontoons  by  being  placed  within  angle-hon  wedging  pieces,  and  by 
being  bolted  to  the  pontoons.  This  arrangement  is  adopted  to  admit 
of  any  pontoon  being  disconnected  from  its  altar  frames,  when  that 
pontoon  requires  to  be  docked  for  repair.  The  upper  slopes  of  the 
altar  frames  are  provided  with  steps,  which  receive  the  wood  blocking 
for  the  purpose  of  applying  shores  to  the  ship  when  necessary, 
and  also  to  affbrd  support  for  the  gangway  boards  which  extend 
longitudinally  from  altar  to  altar.  The  risers  or  spaces  between 
these  boards  are  left  open,  so  as  not  to  interfere  with  the  ventilation. 

There  are  in  all  twelve  floats  T,  one  to  each  of  the  bays  of  the 
two  main  girders  A  A ;  each  float  is  46  ft.  9  ins.  long,  11  ft.  3  ins. 
wide,  and  5  ft.  deep.  A  longitudinal  central  web  extends  from  end 
to  end  of  each  float,  worked  out  in  three  places  to  form  boxes  for 
receiving  the  tubes  of  the  nuts  through  which  pass  the  three  regulating 
screws  U.  The  floats  are  made  with  angle-iron  "frames"  placed  trans- 
versely at  frequent  intervals,  and  every  second  frame  has  diagonal 
ties  added  which  transmit  the  upward  strain  to  the  central  web 
and  thence  to  the  screws.     Immediately  opposite  each  screw  there  is 
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a  transverse  truss  having  double  diagonals,  to  take  the  weight  of  the 
float  when  lifted  for  repairs  at  any  time  while  the  dock  is  above 
water.  The  exterior  of  the  dock  is  protected  by  wooden  waling 
pieces  and  fenders. 

It  was  the  original  intention  to  deck  over  the  pontoons  with  a 
wooden  deck  laid  with  ^  inch  spaces  upon  beams  placed  on  the  tops 
of  the  pontoons  ;  but  fears  were  entertained  that  during  the  repairs 
of  iron  steamers  this  deck  might  be  set  on  fire.  The  wood  deck  was 
therefore  abandoned,  and  a  Portland  cement  deck  3  ins.  thick  was 
decided  on  ;  but  experience  has  shown  that  this  is  not  necessary,  and 
that  a  coating  of  cement  and  tar  |  inch  thick  is  all  that  is  required 
for  protecting  the  tops  of  the  pontoons.  Portland  cement  however 
has  been  used  in  the  interior  of  the  pontoons,  to  fill  up  all  confined 
places  where  decay  might  arise. 

The  deck  on  the  top  of  the  main  girders  A.  A  of  the  dock  is 
widened  by  brackets  for  a  length  of  100  feet  at  the  centre,  and  on 
this  part  are  erected  the  enginehouses  W  W  with  workshops  at  the 
ends.  Each  enginehouse  contains  a  boiler  of  locomotive  construction, 
having  a  firegrate  3  ft.  4  ins.  square,  and  a  barrel  3  ft.  6  ins. 
diameter  and  7  ft.  6  ins.  long,  containing  110  tubes  2  ins.  diameter. 
The  boilers  are  fed  by  injectors  with  fresh  water  carried  in  tanks 
made  in  the  top  of  the  girders.  A  wrought-iron  well  is  also  provided 
to  each  enginehouse,  which  hangs  down  between  the  central  uprights 
of  the  main  girders  and  contains  a  feed  pump  to  draw  water  from 
the  sea  whenever  required.  Each  boiler  supplies  steam  to  a  pair  of 
inverted  direct-acting  engines,  having  cylinders  of  10  inches  diameter 
by  15  inches  stroke,  working  the  pumps  through  the  line  shafts  V  Y 
which  extend  along  each  side  of  the  dock.  The  pumps  are  placed 
inside  the  uprights  of  the  main  girders,  in  the  spaces  between  the 
ends  of  the  floats  T.  At  the  centre  upright  there  are  two  pumps, 
one  of  which  pumps  out  the  pontoon  to  the  left  and  the  other  that 
to  the  right.  In  each  of  the  next  two  uprights  on  either  side  there 
is  one  pump  connected  respectively  with  the  second  pontoon  and  the 
third  or  end  pontoon.  The  pumps  are  17  inches  bore,  and  the 
stroke  can  be  varied  from  12  inches  to  24  inches  by  altering  the 
position  of  the    crank-pin   in  the    disc    driving  each    pump.     The 
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linings,  buckets,  and  suction- valve  seats  are  of  gunmetal,  and  there 
are  doors  by  which  the  valves  and  backets  can  be  examined  or 
removed  when  the  dock  is  raised;  means  are  also  provided  for 
drawing  up  the  bucket  and  valve  when  the  dock  is  sunk,  or  for 
sending  down  another  valve  on  the  top  of  the  first  without  removing 
it ;  or  the  lateral  outlets  through  which  the  pumps  discharge  can  be 
closed,  and  the  bucket  being  withdrawn  a  workman  can  descend  to 
the  suction  valve  itself.  Each  pump  is  provided  with  a  pipe  between 
the  clack  and  the  bucket,  by  which  air  can  be  admitted,  so  as  to 
stop  or  check  the  action  of  any  one  pump  out  of  each  set  of  three, 
the  admission  of  the  air  being  governed  by  a  cock.  A  float  in  each 
end  of  every  pontoon  indicates  the  quantity  of  water  in  the  pontoon  ; 
and  the  tubes  through  which  the  float-rods  pass  up  serve  as  air 
tubes  to  the  pontoons. 

Two  small  direct-acting  inverted  engines  are  also  placed  in  each 
enginehouse,  fitted  with  link  motions  and  driving  by  gearing  the 
shafts  XX,  wliich  extend  right  and  left  along  the  top  of  the  dock 
to  work  the  regulating  screws  U,  of  which  there  are  three  to  each 
float  T.  These  screws  are  6  inches  diameter  and  1|  inch  pitch  ; 
their  bottom  ends  are  formed  with  collars  like  the  thrust  bearings  of 
a  propeller  shaft,  and  cased  with  gunmetal ;  they  are  supported 
in  steps  fitted  with  bearing  surfaces  made  of  discs  of  lignum  vitse. 
The  screws  work  in  cast-iron  nuts,  which  are  contained  in  deep 
cast-iron  tubes  fixed  to  the  floats.  The  spaces  in  the  tubes  above  and 
below  the  nuts  are  filled  up  solid  ^ath  tallow.  As  the  screws  make 
only  200  revolutions  during  the  whole  ascent  or  descent  of  the  dock, 
the  speed  of  the  engines  has  to  be  greatly  reduced  by  the  gearing  ; 
it  can  however  be  varied  at  pleasure,  so  as  to  allow  for  greater 
rapidity  in  the  descent  than  in  rising. 

On  each  side  of  the  dock  a  screw-cock  inlet- valve  is  provided  on 
every  pontoon,  to  admit  the  water  for  sinking  the  dock.  These 
valves  are  worked  in  four  separate  sets  of  three  each,  by  handwheels 
in  the  enginehouses,  gearing  with  the  shafts  YY  extending  along 
the  top  of  the  dock.  In  each  enginehouse  there  are  two  tell-tales, 
to  show  the  fore-and-aft  and  the  athwartship  level  of  the  dock ;  each 
consists  of  an  index  magnifying  by  means  of  gearing  the  angular 
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movement  of  a  pendulum.  Speaking  tubes  extend  from  one 
enginehouse  to  the  other,  and  also  from  each  enginehouse  to  the 
bridge  at  the  end  of  the  dock,  from  which  the  orders  are  given ;  this 
bridge  is  closed,  as  shown  in  Fig.  24,  except  when  the  very  longest 
ships  are  taken  in. 

The  mooring  of  the  dock  is  made  from  a  single  mooring  anchor 
placed  to  windward,  to  which  is  secured  a  chain  of  35  fathoms 
length,  made  of  flat  links  of  the  form  employed  in  suspension  bridges, 
with  the  eyes  rolled  in  the  sohd.  To  this  chain  are  attached  two 
smaller  chains,  each  35  fathoms  long,  which  are  made  fast  to  the 
moorino-  ring^s  on  the  head  or  windward  end  of  the  dock.  At  the  stern 
end  there  are  two  small  mooring  chains,  led  away  at  an  angle  to 
two  mooring  anchors  ;  these  chains  pass  over  rollers  up  to  capstans 
at  the  top  of  the  side  girders,  by  which  they  can  be  hauled  in 
as  required.  There  is  a  one  ton  crane  on  each  of  the  four  quarters  of 
the  dock,  for  raising  or  lowering  material,  &c. 

From  the  foregoing  description  it  will  be  seen  that,  for  the 
purposes  of  working,  the  dock  may  be  considered  as  divided  into 
four  independent  sections  ;  for  in  each  of  the  two  enginehouses  the 
engineer  has  the  power  of  working  independently  the  set  of  three 
pumps  on  the  right  and  the  set  on  the  left ;  and  the  same  mth 
regard  to  the  floats  and  the  inlet  valves.  Jn  order  to  lower  the  dock 
for  receiving  a  ship,  the  inlet  valves  are  all  opened  to  admit  the 
water  into  the  ends  of  the  pontoons  as  far  as  the  water-tight 
bulkheads  J ;  the  central  portion  never  requires  to  be  filled, 
inasmuch  as  the  whole  buoyancy  of  the  dock  can  be  overcome  by 
the  admission  of  water  into  the  side  compartments.  While  the  dock 
is  sinking,  the  engines  working  the  regulating  screws  U  are  put 
to  work  at  such  a  speed  as  to  keep  the  floats  T  always  one  half 
immersed  in  the  water.  When  the  dock  is  sunk  to  the  required 
depth,  the  inlet  valves  are  shut,  and  the  ship,  which  has  been 
moored  close  to  the  dock  moorings  and  therefore  directly  to  the 
windward  of  the  dock,  is  hauled  in  over  the  keel  blocks  and 
adjusted  by  means  of  breast  tackles  and  shores.  The  pumping 
engines  are  then  put  to  work,   and  th^    dock    is    raised   until   the 
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keel  blocks  just  take  their  bearing  against  the  vessel ;  and  the 
bilge  shores  being  hauled  taut  so  as  to  secure  the  vessel  thoroughly, 
the  pumping  is  resumed,  and  the  screw  engines  are  put  to  work 
at  their  slow  speed,  so  that  as  the  dock  rises  the  floats  are  still 
maintamed  just  about  half  immersed.  In  Fig,  25  the  float  T  on 
the  left-hand  side  is  shown  raised  into  an  intermediate  position, 
which  is  the  position  it  would  occupy  when  the  dock  is  rather  more 
than  half  raised  :  when  the  dock  is  fully  up,  the  float  is  in  its  lowest 
relative  position,  having  its  bottom  level  with  the  underside  of 
the  girders  P  P,  which  form  the  bottom  member  of  the  main  girders 
A  A ;  and  w*hen  the  dock  is  sunk  to  the  extremity  of  its  range, 
the  top  of  the  float  is  up  against  the  underside  of  the  girders  Q  Q, 
which  form,  the  top  member  of  the  main  girders  A  A. 

In  a  properly  constructed  dock  it  is  difficult  to  see  what  influence 
could  force  the  dock  out  of  level  under  any  circumstances ;  but 
supposing  it  were  ever  found  that,  in  the  raising  of  the  dock  now 
described,  one  corner  was  becoming  Ioav  and  the  opposite  corner 
high,  this  would  immediately  be  corrected  by  altering  the  working 
of  the  screw  engines,  so  as  to  depress  the  three  floats  at  the  low 
corner,  and  elevate  those  at  the  high  corner.  This  alone  would 
always  be  sufficient  to  adjust  the  dock,  without  interfering  with  the 
pumping,  which  might  go  on  continuously ;  but  there  is  in  addition 
the  power  of  throwing  any  three  of  the  pumps  out  of  gear  while 
keeping  the  others  at  work,  and  the  inlet  valves  of  the  high  corner 
might  even  be  opened  to  let  the  water  in  again,  if  this  were  desirable 
in  an  extreme  case. 

In  designing  the  construction  of  Floating  Dock  that  has  now  been 
described,  the  object  of  the  writer  was  to  supersede  the  objections 
that  appear  to  him  to  attach  to  the  Morton  slip  and  other  ship 
lifts,  and  also  to  the  two  principal  of  the  previous  floating  docks, 
namely  the  Balance  dock  sho\^m  in  Fig.  18,  and  the  Sectional 
dock  shown  in  Fig.  16.  The  reason  for  discarding  the  use  of  slips 
and  lifts  was  that  they  are  dependent  on  the  earth  for  their 
support.  This  objection  however  did  not  apply  to  the  sectional  or 
the  balance  dock,  both  of  which,  like  the  St.   Thomas  dock,  have 
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the  impoi'tant  advantage  of  being  wholly  independent  of  the  land, 
and  are  therefore  capable  of  use  in  any  place  where  there  is  sufficient 
shelter  and  depth  of  w^ater,  combined  with  the  means  of  mooring. 
The  grave  objection  in  the  writer's  opinion  to  the  sectional 
dock  is  its  entire  want  of  rigidity.  Although  this  does  not 
apply  to  the  balauce  dock,  yet  this  dock  also  involves  objections 
which  the  writer  believes  to  be  of  importance.  One  is  that,  as 
ordinarily  built  in  one  entire  structure,  the  balance  dock  requires 
either  an  excavation  into  which  water  can  be  admitted  to  iloat  the 
dock  after  its  completion,  or  else  the  construction  of  very  large  and 
expensive  launching  ways.  Moreover  the  rigidity  and  also  the  stability 
are  obtained  by  the  use  of  complete  side  walls,  which  have  a  large 
displacement  when  the  dock  is  sunk.  As  far  as  the  question  of 
rigidity  is  concerned,  the  writer  believes  that  these  side  walls 
involve  the  use  of  more  iron  than  is  required  in  an  open  girder  to 
obtain  the  same  strength ;  while  they  absolutely  preclude  efficient 
ventilation  at  the  sides  of  the  ship,  and  present  a  large  extent  of 
surface  for  reflecting  the  heat  of  the  sun  and  for  the  wind  to  act 
upon.  The  engine  power  for  pumping  out  the  water  is  also  increased 
as  compared  with  open  sides  by  the  greater  displacement  of  the  solid 
sides  when  sunk,  w^hich  involves  a  corresponding  increase  in  the 
quantity  of  water  to  be  taken  in  and  subsequently  pumped  out. 

In  the  St.  Thomas  Dock,  although  the  lower  part  is  composed 
of  six  separate  pontoons,  for  facility  both  of  original  construction 
and  of  subsequent  examination  and  repair,  the  objection  applying  to 
the  sectional  dock  is  got  over  by  the  use  of  the  strong  side  girders. 
These  are  provided  with  a  double  set  of  diagonals,  and  have  their 
top  and  bottom  members  made  of  such  strength  as  to  be  capable  of 
resisting  a  strain  tending  to  depress  either  the  middle  or  the  ends. 
Thus  supposing  the  dock  is  in  the  act  of  raising  a  paddle-wheel 
steamer,  which  has  a  large  portion  of  its  weight  accumulated  in  the 
centre,  and  only  a  small  portion  at  the  ends,  the  girders  will 
transmit  the  surplus  floating  power  of  the  end  pontoons  to  the 
assistance  of  the  heavily  loaded  central  pontoons  ;  and  in  the  event 
of  two  small  but  heavy  vessels  being  taken  on  at  the  ends  of  the 
dock,  the  gu'ders  will  convey  the  extra  flotation  of  the  central 
pontoons  to  those  at  the  extremities  of  the  dock. 
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As  regards  the  important  question  of  stability  and  tlie  means 
of  controlling  it,  it  is  to  be  observed  that  even  with  the  balance  dock 
shown  in  Fig.  18  there  is  nothing  to  fear  so  long  as  the  npper  surface 
of  the  bottom  is  fairly  above  the  water,  because  on  any  attempt  at 
heeling-over,  the  rectangular  bottom  produces  a  change  in  the 
position  of  the  centre  of  buoyancy  so  rapid  compared  with  any  slight 
inclination  of  the  dock  that  the  tendency  to  right  itself  is  very  strong 
indeed.  Moreover  at  that  time  the  dock  is  pumped  dry,  and  the 
danger  arising  from  shifting  the  centre  of  gravity  of  the  internal 
water  is  at  an  end.  In  Fig.  23,  Plate  19,  taking  AB  as  the  water.line, 
the  balance  dock  is  shown  fully  raised  and  heeled-over;  and  the  power 
of  restoring  an  upright  position  to  the  dock  under  these  circumstances 
has  already  been  fully  investigated  in  reference  to  Fig.  20.  But 
when  the  dock  while  in  the  act  of  being  raised  or  lowered  has  its 
floor  wholly  immersed,  as  shown  by  the  water  line  C  D,  then  the 
tendency  to  restore  equilibrium  is  not  so  great,  as  the  effect  of 
the  whole  triangle  E  F  Gr  is  diminished  by  that  of  the  interior  figure 
H  I  K  L.  Moreover  there  is  at  that  time  within  the  dock  a  large 
amount  of  water,  the  centre  of  gravity  of  which  is  of  course  shifted 
by  the  heeling-over ;  and  the  effect  of  this  is  most  serious,  unless 
a  sufficient  number  of  bulkheads  be  provided  to  subdivide  it  into 
small  sections.  From  whatever  cause  however  the  stability  of  a 
balance  dock  may  have  been  disturbed,  it  is  clear  that  the  effect 
of  its  sides  to  restore  equilibrium  can  be  increased  only  in  proportion 
to  the  amount  of  heeling- over,  and  can  never  be  caused  to  exert  any 
effect  in  excess  of  this.  If  therefore  a  balance  dock  has  once  heeled- 
over,  it  cannot  be  righted  by  its  sides,  so  long  as  the  force  which 
caused  the  heeling-over  is  continued. 

With  the  side  floats  however  in  the  St.  Thomas  dock  the  case  is 
different,  as  the  position  of  the  floats  in  reference  to  the  dock  can  be 
controlled  as  desired  ;  and  therefore  in  the  case  of  any  heeling-over 
an  extra  immersion  can  immediately  be  given  to  the  floats  on  the  low 
side,  while  those  on  the  high  side  can  at  the  same  time  be  raised  more 
out  of  the  water.  By  this  means  when  the  heeling-over  is  only  slight 
and  therefore  the  tendency  to  heel-over  further  is  also  slight,  the 
floats  can  be  made  to  exert  as  great  a  counteracting  power  as  the  walls 
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of  the  balance  dock  would  have  when  the  heeling-over  was  great  and 
therefore  the  tendency  to  go  further  also  proportionately  increased. 

Another  important  reason  for  preferring  the  open  sides  of  the  St. 
Thomas  dock  to  the  close  sides  of  the  balance  dock  was  the  saving 
of  time  in  pumping  for  raising  the  dock.  Supposing  that  the  St. 
Thomas  dock  had  been  made  with  close  sides,  these  would  have 
had  each  a  sectional  area  of  14  ft.  vnde  by  25  ft.  deep  when  fully 
immersed,  which  with  300  ft.  length  would  give  210,000  cubic  feet 
total  displacement  for  the  two  sides.  The  section  of  the  bottom  is 
equal  to  900  square  ft.,  which  with  300  ft.  length  gives  270,000  cubic 
feet,  or  7700  tons  ;  but  as  the  dock  with  all  its  machinery  complete 
weighs  3400  tons,  only  4300  tons  of  water  have  to  run  in,  equal  to 
150,500  cubic  feet.  Hence  the  close  sides  would  have  added  21-15ths 
to  the  amount  of  water  to  be  pumped  out ;  so  that  the  time  required 
for  pumping  out  the  dock  if  the  box  sides  had  been  used  would  have 
been  in  the  ratio  of  36  to  15,  or  12  to  5,  as  compared  with  the  open 
sides. 

In  respect  therefore  to  the  three  questions  of  ventilation,  stability, 
and  economy  of  pumping,  the  writer  trusts  that  he  has  shown 
satisfactory  reasons  for  preferring  the  open  lattice  girders  mth 
moveable  floats  to  the  close  box  side-walls  of  a  balance  dock. 


Mr.  R.  Mallet  remarked  that  the  paper  just  read  gave  a  clear 
account  of  the  successive  methods  employed  for  docking  vessels,  and 
of  the  latest  improvements  that  had  been  effected  in  the  construction 
of  floating  docks.  At  the  present  time  the  use  of  floating  docks  was 
becoming  more  and  more  important  at  foreign  stations  as  the  number 
of  iron  steamers  increased  ;  and  he  thought  they  would  to  a  great 
extent  supersede  the  ordinary  masonry  docks,  except  for  the  purposes 
of  extensive  arsenals  and  large  dockyards.  In  the  St.  Thomas  floating 
dock  described  in  the  paper,  the  addition  of  the  series  of  adjustable 
air-floats  in  the  open  sides  of  the  dock  appeared  a  most  important 
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improvement,  affording  the  means  of  preserving  the  dock  always 
truly  level,  by  regulating  the  depth  of  immersion  of  the  floats  by 
means  of  the  vertical  screws.  One  of  the  principal  difficulties 
attending  the  adoption  of  floating  docks  for  foreign  stations  was  the 
necessity  of  transporting  them  from  the  place  of  construction  to  their 
destination  :  if  they  were  sent  out  in  one  piece,  there  was  the  danger 
attendant  upon  towing  them  across  the  open  sea ;  while  if  sent  in  a 
number  of  separate  pieces,  there  was  the  serious  increase  in  expense 
for  putting  them  together  at  a  foreign  station,  often  with  imperfect 
apphances,  and  for  launching  them  where  there  might  not  be 
sufficient  shelter.  If  a  floating  dock  could  be  contrived  which 
should  be  furnished  with  the  means  of  navigating  itself  out  to  its 
destination,  he  thought  it  would  combine  the  two  elements 
necessary  to  a  complete  commercial  success ;  and  a  model  was  shown 
in  the  present  International  Exhibition  of  a  floating  dock  furnished 
with  screw  propelling  power  and  similar  m  external  shape  to  a  ship, 
obviously  for  the  purpose  of  working  itself  out  to  its  destination, 
and  perhaps  intended  to  retain  its  power  of  propulsion  for  future 
use  while  employed  in  docking  ships.  He  enquired  whether  it 
would  have  been  considered  an  advantage,  in  the  case  of  the  St. 
Thomas  floating  dock,  to  construct  it  so  that  it  could  be  sent  out  from 
England  complete  without  taking  to  pieces.  Another  interesting 
contrivance  shown  in  the  Exhibition  for  lifting  ships  was  a  steep 
slip,  somewhat  similar  to  the  Morton  shp  described  in  the  paper,  but 
arranged  with  a  considerable  number  of  parallel  chains  for  bringing 
up  and  launching  a  ship  broadside  on  instead  of  endways  ;  a  slip  on 
this  plan  had  been  constructed  by  Messrs.  Labat  at  Bordeaux,  and 
had  been  in  actual  use  for  several  years,  and  by  this  means  vessels 
could  be  taken  up  or  lowered  down  at  a  single  tide. 

Mr.  Bramwell  believed  that  the  plan  of  drawing  vessels  up  a 
Blip  broadside  on  instead  of  endways  was  originally  suggested  by 
Mr.  Scott  Russell,  but  he  was  not  aware  of  its  being  carried  out  in 
practice.  With  regard  to  the  question  of  conveying  a  floating  dock 
to  its  destination,  the  floating  dock  at  Havana  w^as  towed  out  from 
New  Orleans  without  accident,  as  mentioned  in  the  paper ;  but  on 
the  other  hand,  in  the  case  of  towing  out  a  floating  dock  in  the 
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Adriatic  to  tlie  Austrian  port  of  Pola,  the  towing  ship  was  lost 
ill  a  storm,  and  the  dock  itself  was  cast  ashore,  but  was  not  injured. 
It  was  therefore  a  question  to  be  decided  for  each  particular  case, 
whether  it  was  preferable  to  put  the  dock  together  beforehand  and 
incui'  the  risk  of  towing  it  out  complete  to  its  destination,  or  to  send 
it  out  in  separate  pieces  to  be  put  together  on  the  spot  at  possibly  a 
somewhat  greater  cost.  The  floating  dock  that  had  been  referred  to 
as  fitted  with  the  means  of  propulsion,  of  which  a  model  was  shown 
in  the  Exhibition,  was  not  intended  he  imagined  to  navigate  itself 
across  the  open  sea  to  its  destination  ;  but  he  thought  the  propelling- 
power  was  more  probably  provided  only  for  enabling  the  dock  to 
shift  its  position  with  facihty  throiigh  short  distances  at  the  station 
where  it  was  employed.  A  floating  dock  now  being  constructed 
at  North  Woolwich  for  the  Bermudas  w^as  also  being  provided  with 
power  for  propelling  itself. 

Mr.  R.  W.  Thomson  remarked  that  with  regard  to  the  advantage 
of  sending  out  a  floating  dock  in  pieces,  to  be  put  together  at  its 
destination,  it  should  be  borne  in  mind  that  all  w^ork  which  required 
only  rivetting  could  easily  be  put  together  at  any  foreign  station  at 
a  cost  not  much  exceeding  the  sum  paid  for  the  same  amount  of 
rivetting  in  this  country ;  and  it  was  only  when  smiths'  work  was 
requii^ed  that  the  expense  of  erecting  abroad  would  be  seriously 
increased.  Having  had  to  design  a  floating  dock  for  Java  in  1859, 
w^hich  w^as  constructed  by  Messrs.  Randolph  and  Elder  of 
Glasgow,  he  had  arranged  all  the  plates  of  the  sides  and  bottom 
to  be  precisely  alike  in  every  respect,  and  the  rivet  holes  were  all 
punched  accurately  to  templates,  so  that  any  of  the  plates  w^ould 
go  together  indiscriminately  with  perfect  accuracy;  and  the  same 
principle  was  carried  out  as  far  as  practicable  in  the  construction  of 
the  girders  and  other  portions  of  the  dock.  The  result  had  been 
that  the  whole  of  the  work  went  together  with  the  greatest  facility, 
and  the  cost  of  erecting  was  also  extremely  moderate,  the  whole 
cost  of  the  entire  work  being  very  much  less  than  could  have  been 
the  case  if  the  dock  had  been  made  to  take  itself  out  to  its 
destination.  He  had  had  the  opportunity  of  seeing  this  dock  put 
together  abroad,  and  had  never  seen  anything  of  the  kind  in  boiler 
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work  which  went  together  with  less  trouble  ;  and  he  therefore 
considered  it  was  more  economical  and  satisfactory  to  send  out  a 
floating  dock  to  a  foreign  station  in  pieces  than  in  any  other  way. 
The  difficnlty  of  launching  appeared  to  him  to  be  somewhat 
overrated,  because  a  construction  of  that  character  he  considered 
would  not  draw  more  than  from  2^  to  4  feet  of  water;  and  by 
erecting  it  in  a  small  basin  excavated  to  just  that  depth  below 
high- water  level,  the  dock  was  readily  floated  out  when  the  fore- shore 
of  the  basin  was  removed.  By  this  method  the  dock  already 
mentioned  had  been  successfully  floated  at  Surabaya  in  Java, 
although  it  had  unfortunately  been  lost  subsequently  through 
carelessness  in  sinking  it  before  the  sides  had  been  caulked  completely 
water-tight.  Two  more  floating  docks  had  been  constructed  at 
the  same  works  on  substantially  the  same  plan,  one  of  which  was 
now  in  use  at  Callao  in  Peru,  and  the  other  at  Saingon  in  Cochin 
China ;  and  no  portion  of  these  was  put  together  at  home. 

Mr.  W.  Clay  remarked  that  he  had  lately  seen  at  Copenhagen  a 
floating  dock  in  which  the  water  was  driven  out  of  the  pontoons  by 
the  pressure  of  air  forced  in  by  an  air- compressing  pump,  instead  of 
pumping  the  water  out  in  the  usual  manner,  the  object  being  to  save 
power  by  avoiding  having  to  pump  the  water  up  to  any  greater 
height  than  necessary,  as  the  dock  gradually  rose  out  of  the  water  ; 
and  he  understood  that  this  mode  of  working  the  dock  was  very 
successful  in  practice. 

Mr.  C.  W.  Siemens  observed  that  the  plan  of  raising  a  floating 
dock  by  forcing  in  compressed  air  to  expel  the  water  did  no  doubt 
possess  the  advantage  pointed  out,  that  it  avoided  raising  the  water 
to  a  greater  height  than  the  external  level ;  but  in  practice  he 
thought  there  was  not  really  any  saving  of  power  by  this  plan, 
because  in  the  ordinary  plan  of  pumping  the  water  out  each  gallon 
of  displacement  in  pumping  represented  exactly  one  gallon  of  water 
pumped  out ;  whereas  in  employing  compressed  air  it  would  be 
necessary  to  force  in  more  than  a  gallon  of  air  of  atmospheric 
pressure  for  each  gallon  of  water  expelled,  according  to  the  depth 
of  immersion  of  the  dock ;  that  is,  supposing  the  diameter  of  the 
pump  and  number  of  strokes  to  be  the  same  in  both  cases,  a  longer 
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stroke  would  be  required  for  compressing  and  forcing  in  the  air"  than 
for  simply  pumping  out  the  same  bulk  of  water.  Moreover  in  the 
employment  of  compressed  air  in  the  manner  described,  he  was  not 
fully  satisfied  that  the  action  would  be  uniform  in  expelling  the 
water  and  raising  the  dock  ;  it  would  have  to  be  ascertained  by 
practical  trial  whether  the  accumulation  of  compressed  air  in  the 
pontoons  would  not  give  rise  to  an  uneven  and  spontaneous  action  in 
expelling  a  large  volume  of  water  through  expansion,  when  a 
reduction  in  the  resisting  head  of  water  had  once  taken  place. 

In  the  St.  Thomas  dock  described  in  the  paper  he  fully  concurred 
in  the  advantage  of  the  regulating  air-floats  for  adjusting  the  level  of 
the  dock  in  rising  or  sinking  ;  and  he  enquired  whether  there  would 
be  any  liability  of  the  dock  heeling  over  towards  either  side,  in  case 
it  ever  happened  to  rise  or  sink  more  rapidly  than  the  floats  could 
be  adjusted  in  height  by  means  of  the  regulating  screws.  In  the 
instance  of  a  large  floating  dock  which  he  had  seen  constructing 
at  Carthagena  in  Spain  two  years  ago,  he  had  observed  that  an 
expensive  masonry  dock  was  also  being  constructed,  which  he 
understood  was  intended  to  contain  the  floating  dock ;  and  he  did 
not  see  what  was  the  object  of  building  the  masonry  dock  as  well  as 
the  floating  dock,  since  it  appeared  the  St.  Thomas  floating  dock 
and  others  described  in  the  paper  were  constructed  for  use  in  open 
harbour. 

Mr.  Bramwell  was  not  aware  of  .the  reason  for  building  a 
masonry  dock  to  contain  the  floating  dock  at  Carthagena,  unless  it 
was  intended  simply  as  a  guide  for  the  floating  dock  in  sinking  and 
rising,  the  masonry  dock  being  "without  a  gate,  and  in  that  respect 
diffei'ing  from  an  ordinary  dry  dock.  The  same  was  the  case  also  in 
regard  to  some  of  the  American  sectional  floating  docks,  which  had 
stone  chambers  constructed  to  contain  them  ;  but  if  a  floating  dock 
were  so  built  as  to  be  really  serviceable  for  the  purposes  of  a  floating 
dock,  he  was  at  a  loss  to  understand  the  desirability  of  constructing 
in  addition  a  masonry  dock  to  receive  it. 

With  regard  to  the  plan  of  expelling  the  water  from  the  pontoons 
of  the  floating  dock  by  forcing  air  in,  he  had  been  much  inclined  to 
adopt  that  method  for  the   St.  Thomas  dock;    but  he  had   feared 


110  FLOATING    DOCKS. 

the  possibility  of  some  such  accidental  mishap  as  had  been  alluded 
to,  from  the  dock  being  brought  up  with  a  rush  by  any  sudden 
liberation  of  the  compressed  air  forced  in ;  and  he  had  therefore 
preferred  to  adhere  to  what  appeared  the  safer  plan,  namely 
to  pump  the  water  out.  In  the  event  however  of  constructing 
any  other  floating^  dock  like  that  for  St.  Thomas,  he  should 
certainly  go  into  that  question  fully,  and  make  a  point  of  seeing 
the  Copenhagen  dock  at  work,  in  order  to  ascertain  the  real 
results  of  the  experience  in  that  instance.  One  objection  to 
pumping  the  water  out  of  the  pontoons  for  raising  the  dock 
was  that  this  produced  of  course  a  tendency  of  the  hollow 
pontoons  to  collapse  under  the  external  pressure,  and  they  had  to  be 
properly  strengthened  to  resist  that  pressure  ;  whereas  in  injecting 
air  to  expel  the  water  this  difficulty  was  got  rid  of,  as  the  internal 
pressure  of  the  air  was  at  least  equal  to  the  external  water  pressure. 
On  the  other  hand  a  much  better  class  of  workmanship  was  required 
in  the  pumps  for  dealing  with  air  than  for  pumping  water ;  and  much 
more  work  was  thrown  upon  the  pumps  in  injecting  air,  as  they  had 
first  to  compress  the  air  to  the  required  pressure  before  they  could 
force  it  into  the  water  chambers  of  the  pontoons. 

In  reference  to  the  working  of  the  adjustable  air-floats  in  the 
vSt.  Thomas  dock,  it  would  not  be  possible  for  the  dock  ever  to  sink  more 
rapidly  than  the  floats  were  allowed  to  rise,  because  the  floats  when 
only  half  immersed  had  buoyancy  sufficient  to  sustain  the  dock  when 
the  water  chambers  of  the  bottom  pontoons  were  full  of  water  ;  and 
in  rising,  if  the  floats  were  prevented  by  any  accident  from  descending 
rapidly  enough,  the  rate  of  pumping  out  the  water  could  be  reduced 
to  as  slow  a  speed  as  desired,  or  the  inlet- valves  could  be  opened 
again  to  re-admit  the  water  to  the  pontoons  on  either  side  of  the 
dock.  By  these  arrangements  ample  provision  was  made  against 
any  possibility  of  the  dock  heeling  over  either  in  rising  or  in  sinking. 

Mr.  R.  Mallet  enquired  whether  the  water  pumped  out  of  the 
pontoons  was  discharged  by  the  pumps  always  at  the  same  level. 

Mr.  Bramwell  replied  that  the  discharge  orifices  of  the 
pumps  were  situated  at  only  5  feet  height  above  the  top  of  the 
pontoons  forming  the  bottom  of  the  dock,  so  that  during  the  greater 


FLOATING    DOCKS.  Ill 

portion  of  the  time  of  raising  the  dock  these  orifices  were  under  water, 
and  therefore  the  water  pumped  out  was  not  lifted  unnecessarily  above 
the  level  of  the  external  water  ;  and  it  was  only  when  the  dock  was 
almost  fully  raised  that  these  orifices  came  above  the  external  water 
level,  and  even  then  the  height  of  lift  for  discharging  the  water  was 
so  small  as  to  be  practically  unimportant. 

From  the  particulars  given  in  the  paper  of  the  previous  con- 
structions of  floating  docks,  it  would  be  evident  that  there  had  not 
been  much  room  for  introducing  any  entirely  new  features  in  the 
St.  Thomas  dock  ;  and  in  designing  the  construction  that  had  been 
described  his  endeavour  had  been,  not  so  much  to  do  something  that 
had  not  been  done  before,  as  to  combine  the  advantages  that  were 
offered  by  the  principal  plans  previously  employed,  while  at  the  same 
time  avoiding  the  objections  which  he  conceived  to  attach  to  each. 
He  had  thus  combined  the  open  sides  and  repetition  of  similar  parts 
which  characterised  the  American  sectional  dock,  with  the  rigidity 
which  constituted  the  important  superiority  of  the  box  dock ;  thereby 
avoiding  the  objections  of  the  flexibility  of  the  former,  and  the  want 
of  ventilation  of  the  latter,  together  with  the  want  of  sufiicient  power 
for  controlling  the  dock  in  rising  or  sinking.  The  harbour  of  St. 
Thomas  was  the  principal  depot  for  the  "West  Indian  mail  steamers, 
but  as  there  had  hitherto  been  no  dock  at  that  station  large  enough 
to  receive  these  vessels,  they  had  been  obliged  to  go  for  repairs  to 
the  box  floating  dock  at  Havana  ;  this  dock  was  found  troublesome 
in  working  from  the  difficulty  of  keeping  it  level  in  rising,  so  that  it 
was  apt  to  go  sideways  in  the  water,  requiring  the  pumping  to  be 
stopped  and  the  water  to  be  re-adraitted  into  the  dock,  which 
involved  much  delay  in  the  operation  of  raising  a  ship  for  repairs. 
By  the  open  sides  of  the  St.  Thomas  dock  however,  not  only  was 
good  ventilation  ensured,  but  all  the  time  and  labour  were  saved  that 
were  required  in  the  box  dock  for  pumping  out  the  large  quantity  of 
water  contained  in  the  closed  box-sides. 

With  regard  to  the  importance  of  making  the  several  parts  to  fit 
together  in  erection  with  the  greatest  facility,  he  had  kept  this  object 
in  \'iew  in  the  design  of  the  St.  Thomas  dock,  in  which  the  plates  of 
the  bottom  pontoons  were  made  exact  repetitions  of  the  same  pattern. 
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SO  as  to  go  together  indiscriminately,  and  consequently  no  difficulty 
whatever  had  been  experienced  in  the  erection.  At  the  same  time 
great  care  had  been  taken  to  avoid  any  necessity  for  smiths'  work  in 
the  operation  of  erecting  the  dock  at  its  destination,  and  everything 
had  been  done  to  get  plain  rectilinear  work  alone.  The  putting 
together  at  St.  Thomas  had  been  commenced  on  24th  April  last,  and 
the  dock  would  probably  be  completed  ready  for  work  in  abont  two 
months  from  the  present  time,  making  about  three  months  for  the 
entire  erecting. 

The  President  remarked  that  the  paper  which  had  been  read 
gave  a  very  complete  idea  of  the  gradual  development  of  this 
important  branch  of  engineering ;  and  he  moved  a  vote  of  thanks 
to  Mr.  Bramwell  for  his  paper,  which  was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day. 
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The  Adjourned  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Conservatoire  Imperial  des  Arts  et  Metiers,  Paris,  on 
Wednesday,  5th  June,  1867 ;  John  Penn,  Esq.,  President,  in  the 
Chair. 


The  follo^^'ing  paper,  by  M.  Tresca,  Engineer  Sub-Director  of  the 
Conservatoire  Imperial  des  Arts  et  Metiers,  was  read : — 
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ON  THE  "FLOW  OF  SOLIDS," 
WITH  THE  PRACTICAL  APPLICATION  IN  FORCINGS,  &c. 


By  M.  TRESCA. 


It  is  now  some  years  since  a  numerous  series  of  experiments  were 
made  by  the  writer  on  the  change  of  form  of  solid  bodies  under  the 
action  of  powerful  pressure,  which  have  led  to  characterising  the 
general  results  thus  obtained  by  the  title  of  the  "Flow  of  Solids." 
The  first  paper  relating  to  this  subject  was  read  by  the  writer  before 
the  Academy  of  Sciences  at  Paris,  in  November,  1865  ;  and  the  views 
then  advanced  have  been  continuously  corroborated  by  the  results  of 
a  great  variety  of  further  experiments  made  by  the  writer.  The 
question  now  includes  consequences  of  great  diversity ;  and  the 
special  object  of  the  present  paper  is  to  make  known  the  most  salient 
facts  required  for  explaining  some  important  practical  applications, 
upon  which  this  theory  appears  to  the  writer  likely  to  throw  new 
light,  such  as  the  rolling,  forging,  punching,  and  planing  of  metals. 

Frinciiole  of  the  Floiv  of  Solids. — If  a  hollow  cylinder  closed  at 
the  bottom  end  have  a  solid  cylindrical  block  of  lead  placed  inside  it, 
fitting  it,  and  the  hollow  cylinder  have  a  round  hole  in  the  centre  of  the 
bottom,  a  powerful  pressure  on  the  top  of  the  solid  block  of  lead 
will  produce  a  cylindrical  jet  of  metal,  having  a  sectional  area  equal 
to  the  hole  in  the  bottom  of  the  cylinder.  For  arriving  at  this  first 
result  the  writer  used  the  apparatus  represented  in  Fig.  1,  Plate  22, 
where  A  is  a  cast-iron  cylinder  3*94  inches  diameter,  closed  at  the  lower 
end  by  a  cover  B  securely  bolted  to  the  corresponding  flange.  In  the 
cover  is  drilled  a  round  hole  1'97  inch  diameter,  and  the  shoulder  left 
in  the  interior  of  the  cylinder  supports  the  moveable  die  C,  containing 
the  central  orifice  which  is  to  serve  for  the  jet.  The  block  of  lead  to 
be  acted  upon,  being  placed  in  the  cylinder  at  D,  is  covered  with  the 
steel  piston  E  ;  and  the  whole  being  placed  in  a  hydraulic  press,  and 
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a  sufiiciently  powerful  pressure  exerted  on  the  head  of  the  piston  E, 
a  cyHndrical  jet  of  metal  J  is  forced  to  flow  through  the  hole  in  the 
die  C. 

In  most  of  the  experiments  the  block  of  lead  operated  upon 
consisted  of  a  series  of  superposed  plates  or  discs  of  uniform  thickness  ; 
and  this  allowed  the  means  of  determining  the  change  of  form  and 
exact  displacement  of  each  of  the  individual  layers  in  the  entire  mass, 
by  making  a  longitudinal  section  of  the  resulting  jet  at  the  completion 
of  the  experiment.  In  Figs.  5  and  6,  Plate  23,  are  shown  longitudinal 
and  transverse  sections,  two-thirds  full  size,  of  the  cylindrical  jet 
produced  from  ten  discs  of  lead,  each  0"12  inch  thick  and  3  "94  inches 
diameter,  forced  to  flow  through  a  concentric  circular  orifice  of 
1*18  inch  diameter  in  the  die  C.  The  uppermost  dotted  line  D  D 
indicates  the  original  height  of  the  block  of  lead  ;  and  the  pressure 
has  been  continued  in  this  instance  until  the  jet  of  1*18  inch  diameter 
has  attained  a  length  of  7'87  inches. 

The  change  of  form  produced  in  the  interior  of  the  mass  is 
characterised  by  the  following  circumstances  : — 

First,  in  the  original  block  the  parallel  faces  of  the  different  discs 
remain  flat,  or  sensibly  so,  over  all  that  portion  of  their  surface  which 
is  situated  outside  an  imaginary  prolongation  backwards  of  the 
central  jet. 

Secondly,  within  the  area  of  this  backward  prolongation  of  the 
jet  all  the  layers  bend  over  so  as  to  flow  into  the  jet  simultaneously, 
as  though  they  individually  followed  a  general  current  directed 
towards  the  orifice. 

Thirdly,  the  external  surface  of  the  jet  itself  is  composed  entirely 
of  a  single  cylindrical  envelope  formed  out  of  the  bottom  disc  of  the 
original  block. 

Fourthly,  each  of  the  original  layers  forms  in  the  jet  a  distinct 
tube,  concentric  with  the  jet,  and  occupying  in  the  jet  a  concentric 
position  between  the  tubes  thus  formed  by  the  other  layers,  as  seen  in 
the  transverse  section,  Fig.  6. 

Fifthly,  each  of  these  tubes  is  closed  at  the  outer  extremity  by  a 
cap  more  or  less  convex,  as  seen  in  Fig.  5,  which  is  formed  out  of  the 
central  portion  of  each  of  the  original  discs. 
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The  same  results  having  been  obtained  by  the  writer  with  various 
other  metals — such  as  tin,  silver,  copper,  aluminium,  iron,  and  even 
steel,  as  also  with  different  kinds  of  potter's  clay,  sand,  powdered 
sugar,  and  small  shot — the  general  conclusion  has  been  arrived  at  that 
the  particles  of  solid  bodies  when  subjected  to  a  sufficient  pressure 
flow  in  the  same  way  as  liquids ;  and  as  the  resulting  jets  from  each 
experiment  remain  in  a  permanent  state,  these  have  allowed  of 
establishing  the  fact  that  the  flow  of  the  different  strata  of  the 
cylindrical  mass  under  the  same  conditions  produces  in  each  case  a 
tubular  and  concentric  form  of  jet  similar  to  that  shown  in  Figs.  5 
and  6. 

When  the  cylindrical  block  experimented  upon  has  only  a  small 
height  relatively  to  the  diameter  of  the  orifice,  the  material  becomes 
displaced  in  the  same  way  as  a  thin  sheet  of  liquid  at  the  edge 
of  a  circular  aperture.  This  fact  explains  the  suction  produced 
in  the  Catalan  blowing  engines ;  and  it  is  seen  by  the  specimens 
obtained  under  these  conditions,  especially  by  the  two  represented  in 
Figs.  7  and  8,  Plate  24,  that  the  central  cavities  assume  a  perfectly 
geometrical  form.  In  each  of  these  cases  the  orifice  in  the  die  0  was 
1'58  inch  diameter,  and  the  original  height  of  the  block  is  indicated 
by  the  uppermost  dotted  line  D  D,  the  original  thickness  of  each  disc 
being  0'12  inch.  It  is  also  seen  that,  when  the  formation  of  these 
cavities  takes  place,  the  diameter  of  the  jet  is  no  longer  equal  to  the 
full  diameter  of  the  orifice ;  the  formation  of  a  contracted  vein  is 
manifest,  and  a  new  analogy  is  thus  obtained  between  the  flow  of 
solids  and  liquids. 

The  series  of  these  experiments  made  by  the  writer  have  been  of 
very  great  variety  and  extent ;  but  those  only  will  be  referred  to  in 
the  present  paper  that  are  the  most  characteristic,  and  the  specimens 
relating  to  these  will  be  exhibited  and  described. 

1st.  A  jet  was  formed  by  the  use  of  two  half  cylinders  of  lead, 
fitted  close  together,  so  as  to  form  one  complete  cylinder  divided 
longitudinally.  The  object  of  this  experiment  was  to  make  sure 
that  the  want  of  adherence  of  the  discs  previously  tried  had  not 
had  a  preponderating  influence  on  the  results  of  the  flow.     The  two 
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half  cylinders,  each  perfectly  solid,  were  made  to  flow  simulta- 
neously in  the  same  apparatus  as  before ;  and  the  jet  on  being 
separated  after  the  flow  in  the  line  of  the  longitudinal  joint  showed 
the  same  arrangement  of  concentric  flow.  The  only  difierence 
was  that  the  several  layers  were  marked  in  another  way,  principally 
by  the  wrinkles  and  small  irregularities  of  the  surface  of  the  joint, 
which  however  remained  on  the  whole  practically  flat.  The  relative 
motions  of  the  particles  are  represented  by  a  few  undulations,  which 
exactly  correspond  with  those  that  would  be  expected  in  the  flow  of 
a  similar  liquid  vein. 

2nd.  A  cylinder  formed  of  two  discs  of  iron,  each  1*57  inch  thick 
and  5*91  inches  diameter,  was  heated  to  a  red  heat,  but  not  so  high  as 
a  welding  heat.  These  discs  were  placed  one  upon  the  other  in  a 
cylindrical  die,  having  at  its  base  a  hole  1'97  inch  diameter,  and 
were  then  compressed  by  a  steam  hammer  weighing  12  tons.  At  the 
third  blow  the  die  broke,  but  the  iron  had  already  formed  a  jet 
of  2'56  inches  length;  and  on  making  a  longitudinal  section  of  the 
whole,  as  shown  in  Fig.  30,  Plate  30,  it  was  found  that,  instead  of 
only  the  single  line  of  joint  anticipated  from  the  use  of  two  discs, 
every  one  of  the  parallel  layers  in  the  iron  plate  of  which  each  disc 
was  formed  had  flowed  "independently,  so  as  to  produce  a  series  of 
lines,  in  the  same  way  as  with  the  number  of  separate  plates  employed 
in  the  experiments  with  lead. 

3rd.  A  jet  was  formed  from  a  block  often  discs  of  lead  of  1*97  inch 
diameter,  forced  through  an  orifice  of  only  0'12  inch  diameter.  The 
object  in  this  experiment  was  to  carry  the  process  to  the  extreme,  so 
as  to  obtain  a  regular  thread  composed  of  ten  superposed  envelopes. 
Here  again  the  sample  obtained  shows  the  superposition  of  the  con- 
centric layers  in  the  whole  length  of  this  thread,  23  feet;  but  the  plates 
did  not  remain  flat  (as  was  expected  from  previous  investigations) 
in  that  portion  of  the  block  which  is  situated  outside  the  backward 
prolongation  of  the  sides  of  the  jet.  Only  the  discs  near  the  top 
and  near  the  bottom  now  remained  flat,  while  in  the  intermediate 
portions  of  the  mass  a  more  rapid  flow  took  place  from  the 
circumference  towards  the  centre,  which  hollowed  each  of  the  discs 
into  the  form  of  a  funnel.     This  efi'ect  was  most  marked  in  the  disc 
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originally  placed  equidistant  from  the  two  ends  of  the  cylindrical 
block.  Similar  results  are  obtained  TV'hen  the  block  experimented 
upon,  instead  of  being  formed  of  siiperposed  discs,  is  taken  from 
the  jets  previously  produced  of  1'18  inch  diam.eter.  The  concentric 
rings  which  then  constitute  the  block  continue  cylindrical  from  the 
top  down  to  a  certain  height  above  the  orifice,  but  a  little  lower 
down  they  become  drawm  inwards,  so  as  to  enter  the  central  orifice 
simultaneously,  each  taking  the  form  of  a  funnel  whose  apex  would 
fit  into  that  of  the  larger  funnel  immediately  below  it.  The 
manner  in  which  this  general  displacement  from  the  circumference 
to  the  centre  is  produced  is  clearly  shown  by  the  longitudinal 
sections  made  of  these  blocks  after  the  experiment ;  and  it  is  also 
seen  that  this  lateral  m.ovement  is  limited  to  the  lower  parts  of 
the  block,  whilst  the  upper  portions  go  down  parallel  to  one  another 
and  without  any  change  of  form,  until  they  arrive  at  a  certain  level 
that  must  be  considered  as  the  point  of  limit  of  jet  action,  beyond 
which  the  influence  of  the  orifice  ceases  to  be  perceptible.  In  other 
experiments  a  difierent  position  is  obtained  of  this  limit  of  jet  action, 
which  evidently  depends  on  the  diameter  of  the  orifice  and  the  action 
of  the  external  forces. 

4th.  Eor  the  purpose  of  imitating  thS  flow  of  a  liquid  wdth 
constant  head  through  a  concentric  orifice,  a  smaller  apparatus  of 
1*18  inch  diameter  was  used;  and  such  a  number  of  discs  were 
employed,  each  0'12  inch  thick,  that  by  the  descent  of  the  piston 
through  the  thickness  of  one  disc  the  top  part  of  the  mass  should  not 
be  brought  within  the  Hmit  of  jet  action.  The  piston  was  then 
raised,  and  a  single  disc  added  upon  the  top  of  the  mass ;  and  this 
process  being  repeated  a  great  number  of  times,  jets  of  great  length 
were  produced,  which  may  be  considered  as  jets  obtained  with  a 
constant  head,  since  in  reality  the  head  never  varied  more  than 
0'12  inch,  and  this  small  variation  was  entirely  beyond  the  limit  of  jet 
action.  The  jets  formed  w^ere  very  regular,  but  the  only  special 
feature  by  which  they  are  characterised  is  that  the  distances  between 
the  ends  of  the  successive  tubes  are  all  equal  to  one  another.  In  jets 
of  any  length,  produced  in  this  manner,  the  same  character  would 
always  be  preserved,  and  all  the  ends  of  the  concentric  capsules 
forming  the  jet  w^ould  present  identically  the  same  arrangement. 
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FoJi/f/onal  orifices  and  eccentric  circular  orifices  liavc  been 
successively  used  ;  and  in  both  cases  it  was  invariably  found  that  the 
superposed  discs  which  constituted  the  primitive  block  became 
transformed  into  a  series  of  tubes  fitting  into  one  another,  each  disc 
producing  a  corresponding  tube.  The  plan  of  subdividing  the 
primitive  block  into  a  number  of  separate  discs  or  layers  has  the 
advantage  of  affording  the  means  of  finding  the  actual  displacement 
of  each  of  the  joining  surfaces,  by  making  sections  of  the  jet 
afterwards  ;  and  thus  each  portion  of  the  original  mass  can  be  traced 
in  its  passage,  as  in  the  case  of  the  concentric  circular  orifice. 
With  a  polygonal  orifice  it  has  been  discovered  that  the  general 
displacement  towards  the  centre  of  the  orifice  is  always  accompanied 
by  a  circular  displacement,  starting  from  the  planes  passing  through 
the  axis  and  through  the  centre  of  the  sides  of  the  orifice,  and 
directed  towards  the  planes  which  pass  through  the  angles  of  the 
polygon.  These  torsional  movements,  which  are  rendered  manifest 
in  many  ways,  may  certainly  be  referred  to  the  same  actions  as  the 
gyratory  movements  observed  in  the  flow  of  liquids  when  the  orifice 
is  not  placed  symmetrically  with  respect  to  the  sides  of  the  vessel 
containing  the  liquid.  On  examining  the  surface  of  a  block  from 
which  one  of  these  polygonal  or  eccentric  jets  has  been  produced, 
the  direction  of  the  rectihnear  or  curved  currents  that  take  place 
even  at  the  surface  is  clearly  indicated  by  streaks  of  different  shades. 
These  currents  are  everywhere  extremely  regular,  and  the  sections 
of  all  the  jets  show  that  the  displacements  are  everywhere  determined 
under  absolutely  geometrical  conditions. 

Amongst  this  class  of  experiments,  special  reference  may  be 
made  to  trials  with  double  orifices,  the  results  obtained  in  these 
cases  being  remarkably  characteristic.  The  die  having  two  circular 
orifices  drilled  in  it,  of  the  same  diameter,  and  placed  symmetrically 
with  regard  to  the  axis  of  the  block,  there  are  necessarily  two  planes 
of  symmetry  perpendicular  to  each  other ;  and  hence  two  perfectly 
equal  jets  might  be  expected  to  be  produced,  each  consisting  of  a 
series  of  tubes  arranged  in  the  same  manner.  This  however  was 
not  found  to  be  the  case,  but  one  of  the  jets  was  much  shorter  than 
the  other ;  and  on  taking  the  block  out  of  the  die,  the  small  streaks 
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visible  on  the  upper  surface  of  the  block  showed  that  at  the  end  of  the 
operation  the  general  motion  was  directed  from  all  points  of  the 
upper  portion  of  the  block  towards  the  orifice  which  had  produced 
the  longer  jet.  On  close  examination  of  the  die  it  was  found  that, 
although  the  two  orifices  were  equal  on  the  side  next  to  the  base  of 
the  block,  only  one  of  them  was  perfectly  cylindrical,  whilst  the 
other  was  reduced  in  size  by  havmg  been  made  slightly  conical, 
and  consequently  the  jet  formed  at  this  orifice  was  diminished 
0*004  inch  in  diameter.  An  exceptional  resistance  was  thus 
occasioned,  which  caused  the  displacement  produced  to  be  analogous 
to  that  observed  in  the  case  of  a  jet  through  a  single  eccentric  orifice  ; 
for  the  currents  in  the  block  passed  over  the  obstructed  orifice  almost 
as  though  no  such  orifice  existed. 

The  conical  hole  having  been  carefully  drilled  again,  it  was 
expected  that  symmetry  would  then  be  obtained  both  in  the  block 
and  the  jets,  as  in  other  cases.  Such  was  indeed  found  to  be  the  result; 
but  the  tubes  of  the  two  jets,  instead  of  being  circular  or  polygonal, 
had  now  become  oval,  being  flattened  towards  the  plane  passing 
through  the  axes  of  the  two  jets.  This  efiect  evidently  arises  from, 
the  fact  of  each  tube  being  to  a  certain  extent  crushed  inwards  by 
the  matter  which  has  to  find  place  round  it,  and  which  is  more  and 
more  abundant  towards  the  axis  of  the  cylindrical  block. 

When  the  two  circular  orifices  are  of  difierent  sizes  and  their 
centres  are  in  the  same  diameter  line  of  the  block,  as  in  Fig.  9, 
Plate  25,  the  distribution  of  the  material  in  the  two  jets  produced 
takes  place  in  the  peculiar  manner  shown  full  size  in  the  transverse 
Bections,  Figs.  10  to  15.  In  this  experiment  six  discs  of  lead  were 
employed  of  3*94  inches  diameter,  and  the  two  holes  for  the  jets  were 
0'96  inch  and  0"68  inch  diameter.  The  material  in  the  block  partly 
follows  two  distinct  currents  directed  towards  the  two  orifices ;  but 
the  result  is  not  the  same  at  different  heights  in  the  block.  As  soon 
as  the  pressure  is  sufficient,  the  lower  layers  begin  to  enter  the 
orifices  and  produce  jets,  the  outside  of  each  jet  being  formed  from 
the  bottom  disc  in  the  block.  Beyond  a  certain  height  above  the  die 
it  has  been  already  seen  that  the  layers  are  not  affected  by  the 
formation  of  the  jets;    and  in  the  lower  or  active  portions  of  the 
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block  the  horizontal  displacement  is  determined  by  the  relative  sizes 
of  the  two  orifices.  Thus  if  the  layers  nearest  to  the  smaller  orifice 
are  sufficient  to  feed  the  jet  from  that  orifice,  it  will  be  found  that 
the  upper  layers  on  the  other  hand  will  flow  exclusively  towards 
the  larger  orifice.  The  material  contained  in  the  portion  of  the 
block  intervening  between  the  two  orifices  is  therefore  drawn  by  the 
general  motion  towards  the  larger  orifice ;  in  consequence  of  which 
the  tubes  in  the  smaller  jet  become  thinner  on  the  side  nearest  the 
larger  jet,  and  theii'  transverse  sections  become  at  first  oval  (Fig.  14), 
then  pointed  (Fig.  12),  and  ultimately  (Fig.  10)  do  not  even  reach 
the  plane  that  passes  through  the  axes  of  the  two  jets.  At  the  same 
time  also  the  tubes  of  the  larger  jet,  which  were  at  first  circular 
(Fig.  15),  become  gradually  pointed  on  the  side  nearest  the  smaller 
jet  (Fig.  13),  until  ultimately  (Fig.  11)  the  material  of  the  innermost 
layer  penetrates  completely  through  the  outer  tubes  surrounding  it. 

Experiments  have  also  been  made  with  a  die  having  a  circular 
orifice  in  the  centre  and  six  smaller  holes  arranged  round  it,  the 
diameter  of  the  block  being  only  1'18  inch.  In  this  case  the 
tubes  of  the  central  jet,  instead  of  being  circular  in  transverse 
section,  were  hexagonal,  the  rounded  angles  of  the  hexagon 
corresponding  with  the  positions  of  the  six  smaller  jets.  A  similar 
alteration  of  form  was  observed  in  the  discs  composing  the  block, 
which  were  depressed  into  grooves  radiating  from  the  centre  towards 
each  of  the  smaller  orifices,  with  a  well-defined  elevation  intervening 
between  each  groove  ;  and  the  same  efiects  were  produced  with  great 
regularity  in  a  number  of  trials.  For  imitating  the  circumstances 
of  a  liquid  flowing  under  a  constant  head,  the  piston  was  advanced 
only  through  the  thickness  of  one  disc  at  a  time,  and  a  fresh  disc 
was  then  added  on  the  top  of  the  block  so  as  to  keep  the  height  of 
the  block  practically  constant.  Each  stroke  of  the  piston  produced 
a  shght  lengthening  in  the  central  jet  and  in  each  of  the  six  lateral 
jets ;  and  the  whole  of  these  were  afterwards  cut  open  for  examining 
the  distribution  of  the  material  in  them.  On  separating  the  successive 
layers  composing  the  central  jet,  it  is  seen  that  each  disc  in  the 
original  block  is  here  represented  by  a  sort  of  conical  sheath,  in  the 
form  of  a  hexagonal  pyramid  with  its  apex  and  angles  rounded  off. 

u 
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Each  of  these  layers  envelops  the  next  layer  above,  which  is  exactly 
similar,  the  contiguous  faces  of  the  two  becoming  separated  from  one 
another  at  a  short  distance  above  the  bottom  of  each  sheath.  Each 
of  the  layers  constituting  the  jet  thus  forms  a  sort  of  tulip  flower  with 
six  petals  united  at  the  base  ;  and  this  striking  analogy  of  shape  may 
be  expressed  by  saying  that  in  this  way  flowers  have  been  really 
formed  in  lead,  as  simply  the  natural  and  mathematical  result  of 
forcing  a  number  of  layers  of  lead  to  flow  through  several  orifices 
simultaneously. 

Jets  have  also  been  formed  with  ceramic  compositions,  employing 
a  die  having  a  circular  hole  drilled  in  the  centre,  and  three  smaller 
holes  arranged  round  it  in  the  angles  of  a  concentric  equilateral 
triangle.  The  separating  surfaces  of  the  layers  were  rendered 
visible  in  these  cases  by  powdering  each  disc  wdth  finely  pulverised 
fuschine  or  calcined  red  sand,  before  making  up  the  block. 

In  another  experiment  a  die  was  tried  containing  ten  orifices  of 
0*12  inch  diameter,  with  ten  discs  of  lead ;  and  ten  parallel  jets  were 
thus  obtained,  each  formed  as  before  of  concentric  layers.  The  lowest 
disc,  which  constituted  the  external  cover  of  each  of  the  jets,  was 
drawn  down  into  a  film  of  extreme  thinness,  showing  clearly  to  what  a 
great  extent  the  metal  can  be  drawn  out  without  tearing,  when 
subjected  to  suitable  treatment.  It  is  to  be  remarked  that  the  jets 
nearest  the  centre  of  the  die  are  rather  longer  than  the  others,  because 
the  pressure  of  the  piston  produces  a  greater  efiect  in  the  central 
portions  of  the  block,  where  the  movement  of  the  particles  is  not 
retarded  by  the  friction  of  the  sides  of  the  cylinder.  The  consideration 
of  this  difference  of  pressure  in  different  parts  of  a  solid  mass 
evidently  affords  a  satisfactory  explanation  of  the  displacements  that 
are  produced  in  the  interior  of  the  mass,  since  every  such  displacement 
of  material  from  one  point  to  another  necessarily  results  from  a 
difference  of  pressure  between  these  tw^o  points,  and  the  displacement 
occurs  in  the  direction  of  the  line  joining  the  two  points. 

Experiments  on  flow  through  lateral  orifices. — The  experiments  on 
lateral  jets  have  been  made  with  lead  enclosed  either  in  prisms  of 
square   section   with    1"18   inch    sides   and   variable   height,    or  in 
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cyliuders  of  that  diameter ;  and  the  die  through  which  the  jet  issues 
is  made  in  two  portions,  each  containing  half  the  orifice,  so  that  the 
die  can  be  separated  and  removed  w^hen  the  jet  has  been  produced. 
The  apparatus  is  shown  in  Figs.  2  to  4,  Plate  22,  and  is  composed  of 
two  cylinders  A  and  B,  bolted  together  end  to  end.  The  steel  die  C 
with  a  hole  in  the  side  is  held  tight  between  the  two,  fitting  exactly 
at  the  top  into  the  recess  in  the  upper  cylinder  A,  and  at  the 
bottom  against  the  washer  F  which  forms  the  base  of  the  cylindi'ical 
space ;  this  die  is  made  in  two  halves,  divided  longitudinally  through 
the  centre  of  the  side  hole,  as  shown  full  size  in  Fig.  17,  Plate  26. 
The  lead  block  to  be  operated  upon  is  placed  on  the  base  F,  and  the 
pressure  being  applied  by  means  of  the  piston  E,  Fig.  2,  a  lateral  jet 
is  forced  to  flow  through  the  hole  in  the  die,  as  indicated  by  the 
dotted  lines  J. 

For  the  first  series  of  experiments,  the  cylinder  was  filled  with 
superposed  discs ;  while  in  the  second  series,  which  proved  far  more 
interesting  in  the  results  obtained,  cylindrical  blocks  were  used, 
formed  each  of  concentric  tubular  layers. 

In  the  first  series,  with  a  pile  of  superposed  discs,  the  circular 
orifice  for  the  jet  was  0*59  inch  diameter,  with  its  centre  at  a  height  of 
0'79  inch  above  the  bottom  of  the  cylinder;  the  fifteen  discs  to  form 
the  jet  were  each  0"12  inch  thick,  so  that  there  were  four  discs  below 
the  lowest  edge  of  the  orifice,  five  discs  in  front  of  the  orifice,  and 
the  six  remaining  discs  above.  On  the  pressure  being  applied,  the 
edges  of  the  discs  opposite  the  orifice  were  first  forced  out,  and  these 
discs  becoming  thinner  allowed  the  upper  ones  to  descend  to  the 
orifice,  so  as  in  their  turn  to  join  in  the  general  movement  towards 
the  jet.  An  examination  of  the  jet  produced  shows  at  once  that 
the  difierent  layers  in  the  original  block,  which  were  all  of  equal 
thickness,  make  their  appearance  successively  at  equal  distances  on 
the  upper  surface  of  the  jet.  The  specimens  produced  also  show 
the  thinning  of  the  layers  in  the  jet  as  its  length  increases ;  and 
ceitain  parts  of  the  block  show  that  the  material  below  the  orifice 
also  participates,  though  only  to  a  slight  extent,  in  the  formation  of 
the  jet.  The  same  facts  are  arrived  at  in  the  case  of  lateral  flow 
through  square  orifices,  whether  the  sides  of  the  orifice  be  parallel 
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and  at  right  angles  to  the  axis  of  the  block,  or  all  inclined  at  half  a 
right  angle  to  it.  One  of  the  square  jets  is  represented  fall  size 
in  longitudinal  section  and  plan  in  Figs.  16  and  17,  Plate  26;  in 
this  case  nineteen  discs  of  lead  were  employed,  each  0*12  inch  thick, 
the  original  height  of  the  block  being  indicated  by  the  uppermost 
dotted  line  D  D ;  and  the  lateral  jet  flowed  through  the  square 
orifice  shown  in  Fig.  18. 

In  the  second  set  of  experiments,  the  cylindrical  block  was  in 
each  case  composed  of  a  series  of  concentric  tubular  layers,  being  a 
portion  of  one  of  the  original  cylindrical  jets  of  1"18  inch  diameter, 
shown  in  Fig.  5,  Plate  23,  formed  from  the  cylinder  of  lead  discs 
3*94  inches  diameter  flowing  through  a  concentric  circular  aperture  at 
the  bottom.  Transverse  sections  of  one  of  the  compound  lateral  jets 
thus  produced  are  shown  double  full  size  in  Figs.  19  to  22,  Plate  27. 
With  a  pressure  of  about  15  tons  acting  upon  the  cylindrical  block 
of  1*18  inch  diameter,  the  lateral  jet  began  to  issue  through  the 
circular  orifice  of  0*59  inch  diameter ;  and  on  continuing  the  pressure, 
the  jet  was  formed  very  regularly  in  the  shape  of  a  cylinder  which 
became  slightly  curved  upwards  at  its  extremity.  This  jet  of  course 
ceased  to  be  cylindrical  as  soon  as  the  piston  came  down  to  a  level 
with  the  top  edge  of  the  orifice  C,  Fig.  23.  As  the  piston  descended 
below  the  top  edge  of  the  orifice,  the  jet  became  flattened  at  the  top, 
as  shown  in  Fig.  22,  to  the  extent  that  the  orifice  was  obstructed  by 
the  piston ;  and  along  this  flattened  surface  of  the  jet  were  shown 
the  transformed  outlines  of  the  concentric  cylinders  forming  the 
original  block.  On  separating  the  successive  layers  of  which  the  jet 
was  composed,  it  was  seen  that  the  outside  layer  remained  continuous 
throughout,  having  been  transformed  from  the  original  vertical 
cylinder  to  a  horizontal  tubular  jet  closed  at  the  outer  end,  and 
covering  a  series  of  similar  tubes  formed  from  each  of  the  successive 
original  concentric  cylinders. 

Transverse  sections  of  the  jet  showed  at  the  outer  end  only 
a  few  lines  of  division  between  the  layers ;  but  nearer  to  the  jet 
orifice  the  number  of  lines  vras  equal  to  the  number  of  layers  in  the 
original  block ;  and  still  nearer  the  jet  orifice,  the  number  of  lines 
was  further  increased,  showing  a  double  curvature  of  the  surfaces, 
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causing  them  to  be  cut  by  the  section  in  more  than  one  place.  Thus 
the  Hues  of  division,  after  being  changed  from  circular  to 
nearly  elliptical,  as  shown  in  Fig.  19,  became  still  further  changed 
near  the  jet  orifice  to  a  figure  8,  as  shown  in  Figs.  20  and  21.  A 
vertical  section  through  the  axis  of  the  original  block  after  the 
production  of  the  jet  shows,  as  in  Fig.  23,  that  each  of  the  ten 
original  cylindrical  rings  is  divided  into  two  distinct  portions,  one 
below  the  jet  orifice  and  the  other  above,  which  are  separated  by  the 
material  that  was  originally  opposite  to  the  jet  orifice  C ;  and  it  is 
seen  in  this  case  that  with  regard  to  the  five  innermost  cylinders  the 
separation  is  completely  efiected  by  the  intervention  of  the  sixth  ring, 
vrhile  in  the  four  exterior  rings  it  is  indicated  by  the  inflexion  of  the 
material  at  that  part. 

On  laying  open  the  upper  layers  of  the  jet  and  exposing  the 
surface  into  which  one  of  the  interior  cylinders  of  the  original  block 
had  been  transformed,  it  was  seen  that  each  original  vertical 
concentric  cylinder  forms  individually  a  horizontal  cylindrical  jet, 
which  joins  the  original  vertical  cylinder  by  curved  sides  in  the  form 
of  a  letter  Y,  the  forking  of  which  corresponds  to  the  insertion  of 
the  jet  into  the  block.  Consequently  the  transverse  section  of  the  jet 
through  the  outer  single  leg  of  the  Y  shows  only  a  single  series  of  rings; 
but  a  transverse  section  passing  through  the  two  branches  of  the  Y 
shows  a  figure  8  in  the  section.  It  has  tc  be  considered  that  the 
whole  of  the  material  in  the  block  under  pressure  follows  a  current 
flowing  outwards  from  the  interior,  of  which  the  jet  is  the  result; 
and  the  portion  below  the  level  of  the  bottom  of  the  orifice  is  also 
included  in  this  action,  but  forms  only  a  weaker  current,  which  is  in 
fact  a  kind  of  eddy,  and  is  found  in  the  lower  part  of  the  jet. 

The  following  conclusions  are  established  by  this  experiment : — 

Firsi,  that  the  pressures  exerted  on  the  surface  of  a  solid  body  are 
transmitted  throughout  the  whole  interior  of  its  mass,  and  tend  to 
produce  in  it  a  flow  which  is  propagated  from  particle  to  particle, 
and  which  necessarily  developes  itself  in  the  dii^ection  w^here  the 
resistances  to  the  flow  are  the  least. 

Second,  that  the  pressures  thus  transmitted  determine  in  a  fixed 
order  the  expulsion  of  the  material  through  the  orifice,  and  the 
changes  of  form  at  each  point. 
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Third,  that  the  transmission  of  pressure  is  unequally  distributed, 
as  the  particles  situated  at  the  orifice  do  not  participate  in  the 
flow  to  the  same  extent. 

Fourth,  that  a  loss  of  pressure  thus  takes  place,  which  is  variable; 
so  that  for  solids  even  more  than  for  liquids  it  may  be  said  that  there 
is  loss  of  pressure  between  one  point  and  another  during  the  change 
of  form.  The  examples  of  hollow  jets  show  that  there  are  even  points 
where  the  loss  of  pressure  is  carried  so  far  that  the  pressure 
becomes  oiil.  The  experiments  in  forging  subsequently  referred 
to  have  even  given  in  certain  instances  a  measure  of  this  loss  of 
pressure,  and  allow  of  pointing  out  precise  rules  corresponding  to 
each  of  the  changes  of  form  that  may  be  effected  by  mechanical 
action. 

The  investigation  of  the  laws  of  the  distribution  of  the  pressure 
within  the  mass  is  of  a  nature  to  supply  engineers  with  precise  data 
applicable  to  all  operations  designed  to  change  the  form  of  a  body ; 
and  with  this  view  it  is  now  intended  to  examine  more  particularly 
the  influence  of  the  losses  of  pressure  and  of  the  theory  of  the 
flow  of  solid  bodies  in  the  processes  of  rolhng  and  forging  iron. 

In  a  large  number  of  manufacturing  operations  the  object  aimed 
at  is  the  conversion  of  a  solid  body  into  a  determined  form  by 
mechanical  processes  more  or  less  similar  to  Rolling  or  Forging.  It 
is  proposed  to  investigate  the  relations  existing  between  the  displace- 
ments occasioned  in  these  two  principal  modes  of  producing  change 
of  form,  and  those  which  have  already  been  considered  in  the 
experiments  on  the  flow  of  solid  bodies.  It  will  be  preferable  first  to 
consider  Rolling,  because  the  process  of  rolling  produces  invariably 
the  same  action  on  the  work  rolled,  and  the  changes  of  form  effected 
by  it  are  therefore  remarkably  simple  and  regular,  and  on  that 
account  are  much  more  easily  appreciated,  presenting  by  their 
continuity  a  real  analogy  to  the  flow  of  sohd  bodies  in  the 
previous  experiments.  On  the  other  hand,  in  the  present  state 
of  the  manufacture  of  iron.  Forging  is  generally  applied  only  to 
work  already  rolled,  and  the  changes  of  form  produced  in  forging 
are  thus  added  to  those  effected  by  rolling ;  and  hence  if  the  results 
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of  the  earlier  operation  were  not  first  fully  investigated,  it  would  be 
impossible  to  trace  with  the  necessary  precision  any  of  the  efiects  due 
to  the  subsequent  process. 

In  the  first  series  of  experiments  on  the  flow  of  solid  bodies,  the 
material  preferred  for  operating  upon  was  lead,  the  homogeneousness 
and  ductility  of  which  afforded  in  many  cases  valuable  facilities ;  and 
the  other  substances  that  were  experimented  upon,  both  harder  and 
softer  than  lead,  -were  tried  only  with  a  view  to  ascertain  whether  the 
changes  of  form  produced  in  them  offered  any  analogy  to  those 
observed  with  lead.  In  the  case  of  rolling  and  forging  however,  the 
important  facilities  in  connection  with  iron  for  obtaining  rolled  and 
forged  specimens  of  any  desired  form  led  the  writer  to  investigate 
the  subject  more  particularly  in  reference  to  this  metal,  reserving 
lead,  wax,  and  ceramic  compounds  for  the  purposes  of  verification 
only.  But  as  the  molecular  movements  effected  in  the  interior  of  a 
block  of  iron  by  rolling  or  forging  cannot  be  examined  afterwards  by 
separating  the  several  layers,  as  in  the  case  of  the  experimental  lead 
plates,  it  was  necessary  to  trace  the  displacements  by  making 
numerous  sections  of  the  metal  after  it  had  been  operated  upon.  The 
best  manufactured  iron  is  far  from  constituting  a  homogeneous 
mass ;  it  contains  a  greater  or  less  portion  of  the  foreign  substances 
present  in  the  puddHng  furnace ;  and  in  the  successive  changes  of 
form  to  which  the  bloom  is  subjected  these  foreign  substances 
participate  in  the  molecular  movements  produced  in  all  portions  of 
the  mass.  Moreover  the  air  oxidises  all  parts  which  are  momentarily 
exposed  to  its  action  during  the  successive  heats,  and  which  are 
then  under  most  favourable  conditions  for  oxidation.  It  is  by 
rendering  visible  this  want  of  homogeneousness  in  the  iron  that 
the  writer  has  succeeded  in  clearly  demonstrating  the  whole  of  the 
displacements  effected.  Any  difference  in  the  chemical  nature  of 
the  metal  in  different  parts  allows  this  diversity  to  be  rendered  still 
more  manifest  by  the  action  of  chemical  reagents ;  and  among  the 
different  methods  tried  for  this  purpose  the  readiest  was  found  to  be 
the  use  of  a  very  diluted  solution  of  bichloride  of  mercury.  Each 
piece  of  iron  having  been  carefully  planed  and  faced  was  dry-polished 
with  the  finest  emery  powder  on  the  surface  of  the  section  to  be 
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prepared ;  in  some  cases  it  was  washed  with  ether,  to  clean  it  from 
grease.  It  was  then  dipped  in  the  solution  of  bichloride  of  mercury 
until  the  first  traces  of  chemical  action  appeared,  and  being  afterwards 
dipped  in  a  bath  of  pure  water,  the  surface  became  gradually  covered 
with  coloured  and  regular  marks,  which  when  the  first  immersion  had 
not  lasted  too  long  showed  a  succession  of  separate  and  well-defined 
lines.  Drying  and  varnishing  completed  the  operation,  and  the  marks 
thus  preserved  could  then  be  photographed  in  the  most  characteristic 
cases.  It  was  in  this  way  that  the  section  previously  described,  and 
shown  in  Fig.  30,  Plate  30,  was  prepared  and  photographed.  The 
examination  of  some  of  the  specimens  thus  prepared  shows  the 
principal  effects  produced  by  the  processes  of  rolling  and  forging. 

Rolling. — In  the  first  operation  of  Rolling  to  which  iron  is 
subjected,  after  puddhng  and  a  rough  shaping  by  the  hammer,  the 
bloom  is  passed  through  one  of  the  grooves  of  a  pair  of  rolls,  the 
pressure  exerted  giving  friction  enough  on  the  edges  of  the  groove  to 
draw  the  iron  forwards ;  and  it  is  moulded  by  the  pressure  to  the 
section  of  the  groove  in  passing  through  the  rolls,  the  result  being  a 
bar  or  jet  nearly  equal  in  section  to  the  area  of  the  groove.  In  order 
that  the  groove  may  be  well  filled  by  the  iron,  the  bloom  must  have 
been  previously  shaped  to  a  section  difiering  but  slightly  from  that  of 
the  groove ;  and  by  afterwards  passing  the  same  piece  of  iron  through  a 
series  of  grooves  gradually  decreasing  in  size,  it  is  gradually  reduced 
as  much  as  necessary  in  section,  undergoing  at  the  same  time  a 
corresponding  increase  in  length.  The  operation  of  rolling  may  thus  be 
considered  as  consisting  in  causing  a  jet  of  metal  to  flow  through  the 
grooves  of  the  rolls  from  a  block  of  rather  larger  transverse  section  ; 
but  the  pressure  which  produces  the  change  of  form,  instead  of  being 
exerted  on  the  face  opposite  the  aperture  of  the  grooves,  is  here 
replaced  by  the  friction  of  the  metal  between  the  sides  of  the  grooves. 
The  rolled  bar  produced  may  be  considered  to  be  made  up  of  a  series 
of  elementary  longitudinal  fibres  ;  and  duiing  the  process  of  rolling, 
each  fibre  becomes  transformed  into  a  similar  fibre  of  smaller  section, 
this  diminution  in  section  being  made  up  by  a  proportionate  increase 
in  length. 
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The  result  of  the  writer's  observations  on  actual  rolled  bars 
shows  that  on  the  whole  the  internal  changes  of  form  are  very 
closely  in  accordance  with  this  description.  A  bloom  was  rolled 
of  rectangular  section,  and  a  specimen  was  cut  off  it  at  each  successive 
passage  through  the  rolls,  in  order  that  by  making  sections  of  these 
specimens  and  oxidising  them  it  might  be  ascertained  whether  the 
figures  so  produced  on  the  oxidised  surfaces  were  in  all  cases  similar 
to  one  another.  Four  of  these  specimens  are  exhibited,  as  well  as 
the  photographs  of  the  oxidised  sections,  and  it  is  seen  at  once  that 
they  are  characterised  by  complete  similarity  in  almost  all  respects ; 
which  is  sufficient  to  show  that  notTvithstanding  all  interferences 
resulting  from  the  working  of  the  iron,  all  parts  of  the  mass  become 
really  dra^\Ti  out  according  to  the  law  of  the  concentric  cylindrical 
jet  obtained  in  the  original  experiments.  The  same  experiment  was 
made  with  small  round  bars  of  iron;  but  in  this  case  the  details 
of  colouring  can  hardly  be  distinguished  without  the  aid  of  the 
microscope,  and  could  not  be  photographed  with  sufficient  clearness. 
The  parallehsm  with  which  all  the  threads  of  the  molecules  parallel 
to  the  axis  are  drawn  out  is  more  strikingly  exhibited  by  oxidising 
longitudinal  sections  made  along  the  axis ;  a  succession  of  parallel 
lines  are  then  shown  after  rolling,  both  in  round  and  square  bars, 
and  each  bar  must  therefore  be  considered  as  a  bundle  of  threads, 
made  truly  parallel  by  rolling,  and  proceeding  individually  from  each 
of  the  distinct  elements  that  existed  in  the  primitive  mass  before  the 
operation. 

It  may  consequently  be  said  that  rolling  produces  the  same  result 
on  metals  as  combing  on  textile  substances,  and  constitutes  a  sort  of 
spinning  without  torsion ;  but  the  bundle  of  contiguous  filaments 
thus  obtained  is  bound  together  by  their  coherence,  and  in  the 
majority  of  cases  by  their  welding  together.  These  elementary 
filaments,  which  are  large  and  irregular  after  the  first  passage 
through  the  rolls,  become  drawn  out  and  reduced  simultaneously 
"^Tith  the  entire  bar  formed  by  their  union.  They  are  found  also, 
under  the  form  of  extremely  fine  lines,  in  wire  from  the  rolls  or 
afterwards  drawn  cold.  The  finer  makes  of  iron  are  not  only 
subjected  to  a  series  of  rollings,  but  after  this  first  operation  which 
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brings  the  metal  into  the  state  of  bar  iron  it  is  cut  into  short  lengths, 
which  are  then  made  np  into  bundles,  and  welded  and  drawn  out 
afresh  by  the  same  means  as  before.  Now  each  of  the  bars  composing 
these  bundles  being  oxidised  on  its  surface,  the  oxide  confined 
between  the  joints  forms  coloured  bands  analogous  to  the  preceding 
ones,  and  these  bands  are  thinner  and  more  numerous  in  proportion 
as  the  process  of  making  up  into  bundles  has  been  oftener  repeated. 
The  different  specimens  exhibited  show  this  in  a  striking  manner,  so 
finely  are  they  marked  from  end  to  end  by  lines  parallel  to  the  axis ; 
and  the  straightness  and  regularity  of  these  lines  would  lead  to  the 
idea  in  certain  cases  of  their  having  been  drawn  artificially  upon  the 
surface  of  the  section.  It  will  be  seen  subsequently  how  these 
bundles  of  adhering  threads  can  be  twisted,  spread  out,  and  even 
tied  into  knots,  according  to  the  mechanical  action  to  which  they 
are  afterwards  subjected  in  the  operations  of  forging. 

The  distinct  manner  in  which  the  parallel  drawing-out  of  the 
fibres  takes  place  explains  numerous  peculiarities  presented  in  the 
constitution  of  bar  iron.  Iron  is  said  to  be  of  fibrous  quality,  when  the 
fracture  shows  very  marked  fibres,  these  fibres  being  nothing  else  than 
the  filaments  produced  by  drawing  out,  after  separating  from  the 
neighbouring  filaments  with  which  they  were  less  closely  united.  If 
fibrous  iron  is  rolled  in  a  direction  at  right  angles  to  the  direction  of 
the  fibres,  it  becomes  fibrous  in  this  new^  direction,  because  each  of 
the  elements  which  formed  it  has  been  drawn  in  the  new  direction 
as  it  had  previously  been  drawn  in  the  first.  Other  metals,  such  as 
copper,  zinc,  &c.,  have  more  or  less  the  same  quahty ;  and  workmen 
using  them  can  easily  distinguish  in  which  direction  they  have  been 
rolled  or  drawn. 

The  structure  of  iron,  as  composed  of  contiguous  filaments, 
appears  to  the  writer  to  afford  an  explanation  of  the  causes  of  the 
transformation  of  fibrous  iron  into  crystalline  iron  after  long  use ; 
and  he  thinks  that  filaments  of  different  natures  may  differ  also  in 
hardness,  and  that  the  facets  seen  in  the  fracture  of  crystalline  iron 
are  nothing  but  surfaces  caused  by  friction  between  the  particles, 
arising  in  the  molecular  vibrations  and  consequent  elastic  changes  of 
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form  to  which  iron  may  be  subjected,  according  to  the  use  it  is  put 
to.  These  facets  should  never  be  mistaken  for  the  grain  in  iron 
which  is  originally  non-fibrous  ;  and  an  examination  with  a  magnifying 
glass  shows  tliat  there  is  in  fact  no  similarity  between  the  two  states. 
The  writer  has  produced  numerous  facets  by  twisting  and  untwisting 
the  same  specimen  of  granular  iron  a  great  number  of  times. 

In  certain  operations  of  rolling,  the  thicknesses  of  the  primitive 
layers  are  not  all  simultaneously  reduced  to  the  same  extent ;  which 
is  clearly  seen  in  rolling  plates,  where  the  ultimate  work  produced 
retains  distinct  traces  of  the  original  superposed  layers,  as  shown  by 
the  lined  marks  brought  out  by  oxidation  in  sections  of  these  plates 
made  either  in  the  direction  of  rolling  or  at  right  angles.  Some  iron 
tubes  are  also  shown,  in  which  it  will  be  remarked  that  these  lines 
remain  all  round  the  transverse  section  of  the  tube,  and  are  only 
interrupted  at  the  part  where  the  edges  are  brought  together  for 
welding ;  and  this  interruption  of  the  lines  of  oxidation  affords  the 
means  of  observing  in  many  cases  the  mode  in  which  the  edges  of  the 
tube  w^ere  prepared  before  welding. 

An  illustration  of  the  complete  generality  of  the  principle,  that  all 
the  elementary  threads  parallel  to  the  axis  of  the  primitive  solid 
become  simultaneously  drawru  out,  is  afforded  by  the  spinning  of  glass, 
especially  that  of  tubes  used  in  the  manufacture  of  Venetian  glass. 
At  the  same  time  that  the  outside  diameter  decreases  in  the  drawing 
out,  the  inside  diameter  decreases  proportionately  ;  and  this  tubular 
structure  is  found  even  in  the  finest  threads,  which  still  preserve  a 
central  hole  like  that  in  the  primitive  tube.  If  either  of  the  surfaces 
of  the  tube  be  serrated,  the  intervals  between  the  teeth  are  preserved 
throughout  all  stages  of  the  drawing,  and  form  grooves  which 
remain  constantly  similar  in  all  parts.  The  regularity  of  these  effects 
could  only  be  interfered  with  by  bringing  into  action  distinct  causes 
of  lateral  displacement,  which  w^ould  then  act  in  combination  with 
the  simple  process  of  drawing. 

If  the  different  mechanical  actions  brought  into  play  in  the 
operation  of  rolling  be  examined  more  closely,  and  the  operation  be 
conducted  so  as  to  bring  to  light  the  individual  effect  of  each,  it  is 
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found  that  the  changes  of  form  may  not  be  effected  under  such 
simple  conditions  as  those  that  have  now  been  described;  and  the 
trials  made  by  the  writer  for  the  purpose  of  ascertaining  the  influence 
of  each  action  constituting  the  operation  of  rolhng  have  led  to  the 
following  results : — 

First. — A  single  lead  plate  2'36  x  1'18  inch  having  been  divided  on 
the  surface  by  very  fine  lines  into  a  series  of  equal  rectangles,  and 
then  passed  between  rolls,  it  was  observed  that  each  passage  through 
the  rolls  caused  all  the  rectangles  to  be  lengthened,  but  none  of  them 
were  increased  in  width.  The  longitudinal  drawing-out  takes  place 
therefore  under  the  same  conditions  of  parallelism  as  before,  and  in 
the  lateral  direction  all  absence  of  lengthening  must  be  attributed 
to  the  friction  developed  along  the  surface  of  contact  with  each  of 
the  rolls. 

Secondly. — The  same  experiment  having  been  repeated  with  a 
block  formed  of  a  number  of  superposed  plates,  the  rectangles  at  the 
edges  alone  were  made  slightly  wider;  and  it  could  be  distinctly 
perceived  that  this  widening  was  due  to  the  fact  that  the  material  of 
the  intermediate  layers,  not  being  kept  in  by  the  friction,  flowed  out 
between  the  two  upper  and  lower  surfaces,  so  as  to  form  a  kind  of 
raw  edge,  the  greater  metallic  brilhancy  of  which  during  the  operation 
showed  its  origin. .  It  was  only  by  preventing  this  lateral  flow  that 
thick  plates  could  be  rolled  with  the  same  regularity  as  thin  ones  ;  and 
many  manufacturers  have  accomphshed  this  by  using  a  supplementary 
set  of  vertical  edge  rolls  in  combination  with  the  main  plate-rolls ;  and 
these  are  now  employed  in  the  rolling  of  armour  plates. 

Thirdly. — For  investigating  the  rolling  of  a  cylindrical  bar,  the 
writer  employed  a  short  length  of  one  of  the  cylindrical  jets  obtained 
in  the  original  experiments  with  lead  and  formed  of  concentric 
layers.  It  was  found  that  the  outside  layers  were  drawn  out  more 
than  the  others,  and  that  this  difference  of  lengthening  could  be 
increased  at  pleasure,  by  reducing  the  amount  of  drawing  down  in 
each  passage  through  the  rolls,  whereby  the  outside  tube  became 
rolled  out  between  the  grooves  of  the  roUs  and  the  central  nucleus 
formed  by  the  internal  layers,  which  acted  as  a  mandril.  The  drawing 
out  of  the  material  is  more  rapid  near  where  the  force  is  applied 
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which  produces  the  drawing  out,  and  this  action  is  transmitted  only 
partially  to  the  layers  below.  The  same  fact  is  still  more  clearly 
observed  in  the  operation  of  forging,  as  noticed  afterwards.  A  solid 
cast  c^-linder  of  lead  experimented  upon  in  the  same  way  showed  the 
retardation  of  the  internal  portion  distinctly,  though  to  a  less  extent ; 
and  a  funnel-shaped  hollow  was  produced  at  each  end,  showing  that 
the  lengthening  had  been  less  in  the  axis  than  at  the  circumference 
of  the  cylinder. 

In  drawing  wire,  analogous  forms  are  found  when  a  fracture 
takes  place,  showing  generally  that  each  transverse  section  originally 
a  plane  becomes  drawn  out  into  a  conical  form  in  the  process.  The 
drawing  of  tubes  upon  a  mandril  also  illustrates  this  action,  and 
particularly  the  case  of  manufacturing  lead  pipes  lined  with  tin, 
where  a  block  formed  of  a  tin  cylinder  with  a  lead  ring  cast  upon  it 
is  caused  to  flow  through  an  annular  orifice.  A  remarkable  illustration 
is  afforded  by  the  manufacture  of  thin  metallic  capsules  by  a  single 
blow,  a  disc  of  metal  being  drawn  into  a  deep  cylindrical  die  by 
a  plunger  of  sHghtly  smaller  diameter  in  a  screw  press;  and  the 
compressed  metal  being  only  able  to  escape  through  the  small  annular 
orifice  left  between  the  plunger  and  the  die,  a  regular  cylindrical  film 
is  formed  by  the  upward  flow  of  the  metal,  leaving  a  portion  of  the 
metal  at  the  bottom  to  form  the  closed  end  of  the  capsule.  The 
processes  of  stamping  in  metals  are  also  based  on  the  same  principle 
of  action. 

Forging. — In  considering  the  internal  changes  of  form  produced 
in  the  operation  of  Forging',  the  work  operated  upon,  whatever  its 
form,  may  be  considered  for  the  present  purpose  ns  composed  of  a 
series  of  cylindrical  elementary  layers  enclosing  one  another.  When 
a  portion  of  one  of  the  former  experimental  jets  is  taken,  composed 
of  a  series  of  concentric  lead  cylinders,  and  is  subjected  to  a  lateral 
hammering,  each  blow  of  the  hammer  produces  a  flattened  place, 
which  spreads  the  exterior  layers  laterally,  and  causes  them  to 
enlarge  gradually  in  circumference  and  become  loose  from  one 
another.  This  unsheathing  of  the  tubes,  by  forging  on  the  outside, 
can  be  made  to  extend  to  a  greater  or  less  depth  according  to  the 


134  FLOW    OF    SOLIDS. 

character  of  the  blows  ;  to  disengage  only  the  exterior  layers,  very 
light  blows  are  required,  in  order  that  the  disturbing  force  may  act 
only  upon  the  exterior  layers  to  produce  flow  of  material.  Thus 
forging  by  external  blows  does  not  produce  the  effect  of  drawing 
the  whole  cylinder  as  a  mass ;  and  in  order  to  obtain  this  result  it  is 
requisite  to  prevent  all  lateral  flow  of  the  material  by  some  means, 
such  as  the  use  of  dies,  which  may  thus  be  considered  to  act  as 
guides  for  forcing  the  material  to  flow  longitudinally. 

Another  experiment  was  tried  with  a  compound  lead  cyhnder 
similar  to  the  former  one,  placing  it  between  tw^o  semi- cylindrical 
dies,  so  as  to  compel  it  to  extend  only  longitudinally  when  hammered 
laterally ;  and  it  was  found  that,  when  very  light  blows  were  used,  it 
was  still  the  exterior  layers  alone  that  were  lengthened,  the  central 
layers  not  being  affected ;  but  when  the  experiment  was  repeated 
with  a  heavier  hammer  the  result  was  reversed,  and  the  central  layers 
were  more  drawn  out  than  the  exterior  ones,  this  difference  being 
due  to  the  effects  of  the  loss  of  pressure  in  the  interior  of  the  mass 
under  these  circumstances. 

The  same  principle  applies  when  the  cylinder  acted  upon  is  solid, 
as  in  forging  iron ;  and  it  follows  that,  in  order  to  produce  any  given 
effect,  the  weight  of  the  hammer  and  velocity  of  blow  have  to  be 
properly  adjusted,  as  well  as  the  size  of  hammer  face  for  spreading 
the  blow.  This  has  hitherto  been  provided  for  only  by  the  skill  and 
experience  of  the  workman  employed ;  but  the  principle  of  the  flow 
of  solid  bodies  should  lead  to  a  more  satisfactory  solution,  from  a 
consideration  of  the  changes  taking  place  in  the  interior  of  the  mass. 

The  jumping-up  of  a  cylinder  in  forging  is  effected  by  blows 
applied  longitudinally  at  the  end  of  the  cylinder;  and  for  the  purpose 
of  examining  the  internal  changes  produced  in  this  operation,  the 
writer  first  experimented  upon  a  cylinder  composed  of  a  series  of 
twenty  lead  discs,  not  confined  in  a  die,  each  2*36  inches  diameter  and 
0*12  inch  thick,  making  a  total  height  of  2*48  inches,  as  shown  full 
size  by  the  dotted  lines  in  Fig.  24,  Plate  28.  After  jumping-up  by 
hydraulic  pressure,  it  was  found  that  the  middle  plates  had  thinned 
considerably,  increasing  at  the  same  time  in  diameter,  the  material 


FLOW    OF    SOLIDS.  135 

having  flowed  outwards  from  the  centre  to  the  circumference ;  the 
top  plate  and  the  bottom  plate  had  not  been  enlarged  in  diameter,  but 
became  suiTounded  by  the  outflow  of  the  succeeding  plates,  the  edges 
of  which  became  turned  upwards  and  downw^ards  respectively  so  as 
to  form  part  of  the  top  and  bottom  faces  of  the  cylindrical  block. 
The  increased  diameter  of  the  innermost  plates  shows  that  the 
crushing  pressure  penetrates  to  the  very  centre  of  the  mass ;  whilst 
the  efiects  of  the  pressure  are  considerably  lessened  in  the  top  and 
bottom  plates  that  are  in  contact  with  the  surfaces  by  which  the 
external  forces  are  applied. 

A  similar  experiment  was  made  with  a  cylinder  of  1*18  inch 
diameter  and  197  inch  height,  composed  of  twelve  vertical  concentric 
tubes  of  lead,  as  shown  full  size  in  Fig.  25 ;  and  the  result  of  the 
longitudinal  compression  is  shown  in  Fig.  26,  in  which  it  is  seen 
that  the  inner  layers  have  taken  a  decided  bulge  in  the  middle  of 
the  height,  retaining  the  original  diameter  at  top  and  bottom ;  but 
in  the  external  layers  this  bulge  occupies  the  entire  height,  the 
extremities  of  these  layers  being  rounded  off"  into  the  planes  of  the 
upper  and  lower  faces.  A  corresponding  experiment  was  made  with 
an  iron  cylinder  upset  by  forging;  and  in  the  longitudinal  section 
prepared  by  oxidation  to  show  the  directions  of  the  fibres,  the  original 
parallel  longitudinal  fibres  were  found  bulged  out  in  the  middle  in  a 
similar  manner,  though  less  regularly.  It  has  to  be  remarked  that 
in  the  jumping-up  of  a  cylinder  composed  of  a  series  of  concentric 
cylindrical  layers  there  is  a  tendency  to  a  separation  of  the  individual 
layers ;  and  this  leads  to  the  conclusion  that  in  the  jumping-up  of 
iron  cylinders  separations  will  be  caused  between  the  diflerent 
parallel  layers,  which  is  really  found  to  occur  in  practice  where  iron 
is  jumped-up  exactly  in  the  direction  of  the  fibres. 

When,  instead  of  employing  a  powerful  pressure,  light  blows  only 
were  appHed  to  the  end  of  a  lead  cylinder  composed  of  concentric 
layers,  the  extremity  w^as  found  to  be  spread  out  laterally  as  a  flange 
without  altering  the  body  of  the  cylinder ;  the  effect  of  the  blows 
only  reached  so  short  a  distance  in  the  direction  of  the  length  of  the 
cyhnder  that  no  displacement  was  produced  beyond  that  point. 
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For  the  purpose  of  examining  practically  the  effects  produced  in 
different  kinds  of  forgings  as  to  the  changes  in  their  internal 
arrangement,  the  writer  has  prepared  the  following  sections  of 
several  different  descriptions  of  work  made  for  this  special  object : 
the  specimens  themselves  are  also  exhibited. 

First. — The.  first  specimen  is  an  ordinary  Rivet,  with  countersunk 
head  forged  in  a  die,  which  is  showru  in  longitudinal  section  in  Fig.  31, 
Plate  30,  drawn  four  times  full  size.  This  section  shows  that  on 
the  left-hand  side  the  original  bar  from  which  the  rivet  was  made 
has  been  bent  bodily  sideways  to  the  form  of  the  die  for  the  head  of 
the  rivet;  while  towards  the  right-hand  side  the  original  vertical 
lines  in  the  bar  become  more  and  more  doubled  back  upon  themselves, 
so  as  to  fill  that  side  of  the  die  also.  The  effect  of  cutting  off  the 
rivet  from  the  rest  of  the  bar  is  also  clearly  indicated  by  the  curving 
of  all  the  lines  at  the  bottom  extremity,  in  the  same  manner  as  is 
observed  in  the  shearing  of  large  plates  or  bars. 

Second. — The  second  specimen  is  an  armour-plate  Bolt,  forged 
complete  in  a  die  with  the  screw  thread.  This  is  represented  in  Fig.  32, 
Plate  31,  and  shows  clearly  that  the  longitudinal  filaments  of  the 
original  bar  have  been  deflected  by  the  forging  to  form  each  of  the 
screw  threads,  the  filaments  nearest  the  surface  being  lengthened 
and  bent  into  the  die,  and  followed  by  the  succeeding  filaments. 
It  may  therefore  be  safely  assumed  that  a  screw  so  produced  will 
offer  greater  resistance  in  the  threads  than  one  in  which  the  threads 
have  been  formed  by  cutting  away  the  metal  between  them.  The 
vacant  spaces  seen  at  intervals  show  that  the  action  of  the  forging 
has  not  been  sufficiently  powerful  for  causing  the  die  to  be  completely 
filled  up;  and  also  the  iron  used  has  not  been  sufficiently  rolled 
previously. 

Third. — The  third  specimen  is  a  Shaft  forged  with  a  series  of 
different  dimensions,  being  first  jumped-up  in  the  middle,  and  then 
drawn  down  and  forged  to  different  sections.  This  is  represented 
in  Fig.  33,  Plate  31,  and  shows  that  the  original  longitudinal 
filaments  have  been  displaced  into  regular  geometrical  forms, 
spreading  out  at  each  increase  of  diameter,  and  returning  to  their 
parallel     arrangement    wherever    the     forging     becomes     parallel 
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again ;   and  thus  the  material  has  completely  followed  the  laws  of 
flow. 

Fourth. — The  next  specimen,  shown  in  Figs.  34  and  35,  Plate  32, 
is  a  small  ^\TOught-u'on  Wheel  Nave,  forged  complete  in  dies  at  one 
operation,  at  the  works  of  Messrs.  Arbel,  in  the  same  manner  as  in 
making  the  wrought-iron  naves  for  railway  wheels ;  it  was  stamped 
by  a  steam  hammer  carrying  the  upper  die,  and  was  made  out  of  a 
piece  sawn  off  from  a  bar  of  rolled  iron  of  common  quahty,  the  diameter 
of  the  original  piece  being  indicated  by  the  dotted  circle  in  Fig.  34. 
The  nave  was  then  sawn  in  two,  parallel  to  the  face ;  and  the  surfaces 
of  the  two  sections  having  been  polished  and  treated  as  before  to 
develop  the  lines  of  fibre,  one  of  the  sections  was  again  cut  across 
the  diameter  B  C,  as  shown  in  perspective  in  Fig.  35,  the  letters 
ABC  representing  the  corresponding  parts  in  the  two  sections, 
Figs.  34  and  35.  The  nave  is  made  five-sided,  with  five  slots  into 
which  the  spokes  of  the  wheel  are  afterwards  welded;  and  the 
original  block  has  therefore  to  be  reduced  in  height  and  spread  out 
laterally  into  the  new  form.  The  sections  show  that  these  changes 
take  place  simultaneously  and  in  regular  order  throughout  the  entire 
mass,  increasing  gradually  in  extent  towards  the  circumference  ; 
but  it  is  seen  that  the  several  lines  of  particles  do  not  on 
that  account  become  disconnected  from  one  another  at  any  point. 
This  specimen  shows  the  superiority  of  forging  with  dies,  and  of 
ensuring  the  pressure  reaching  the  heart  of  the  work ;  but  it  may  be 
added  that,  practically  speaking,  this  process  of  stamping  can  be 
satisfactorily  carried  out  only  upon  a  large  scale,  and  that  this  is  the 
source  of  the  success  attending  the  very  ingenious  method  applied  by 
Messrs.  Arbel  to  the  manufacture  of  railway  wheels. 

Fifth. — The  next  specimens  are  a  pair  of  Medals  that  have  been 
struck  for  the  writer  in  copper  and  in  tin,  at  the  Paris  Mint,  by  the 
kindness  of  the  engraver  to  the  mint,  M.  Barre ;  but  in  place  of  the 
single  blank  ordinarily  used,  a  series  of  blanks  was  substituted,  for 
the  purpose  of  ascertaining  the  changes  of  form  in  the  interior  of 
the  mass,  corresponding  to  the  altered  surface  of  the  metal,  so  as  to 
allow  of  the  operation  being  examined  in  detail.  Coining  a  disc  is  an 
operation  strictly  analogous  to  forging  with  dies :  between  the  time 
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of  the  blank  receiving  tlie  first  blow  and  the  time  of  the  medal  being 
finished,  the  metal  of  the  blank  enters  successively  into  all  the 
details  of  the  engraving  in  the  die ;  and  it  can  be  seen  from  the 
specimens  of  the  series  of  blanks  that  the  process  closely  resembles 
those  in  the  former  experiments  on  the  flow  of  solids.  The 
deepest  hollow  of  the  die  may  in  fact  be  considered  as  an  orifice,  into 
which  has  to  flow  from  the  commencement  of  the  operation  the 
portion  of  the  first  disc  that  is  immediately  above  it.  The  disc  of 
metal  being  thin,  there  may  be  formed  on  its  opposite  face  a  cavity 
analogous  to  the  cavities  in  the  hollow  jets  produced  under  similar 
circumstances ;  and  this  is  seen  to  have  actually  taken  place  in  the 
present  experiment,  by  observing  that  on  a  face  which  must  have 
been  hollow  at  one  stage  of  the  operation  the  flatness  has  subsequently 
been  restored  by  the  further  blows  of  the  coining  press,  causing 
edges  of  junction  to  appear  where  the  doubling  back  of  the  plate 
took  place.  This  would  no  doubt  have  been  avoided  if  the  final 
form  had  been  attained  by  the  use  of  intermediate  dies  gradually 
approaching  to  the  finished  form  ;  and  the  experiment  therefore  most 
clearly  illustrates  that  in  stamping,  as  in  rolling,  it  is  necessary  to  limit 
the  flow  of  the  material  by  such  an  arrangement  of  successive  moulds 
as  will  leave  no  danger  that  in  the  further  course  of  the  process  the 
material  will  have  to  be  displaced  in  a  different  direction  to  its  previous 
displacement,  so  as  to  prevent  the  occurrence  of  any  doubling  back. 

Punching. — For  the  purpose  of  investigating  the  internal 
changes  of  form  produced  in  a  mass  of  metal  by  the  operation 
of  Punching,  the  vn?iter  experimented  upon  a  square  block  of 
lead  2*52  inches  thick,  made  up  of  sixteen  superposed  plates, 
each  4' 72  inches  square  and  0'16  inch  thick,  through  the  centre  of 
which  a  hole  was  punched  by  hydraulic  pressure  with  a  punch  0*79 
inch  diameter,  as  shown  in  the  vertical  section.  Fig.  27,  Plate  29,  the 
lead  plates  being  tightened  down  by  an  iron  cover-plate  fixed  by 
bolts,  so  as  to  prevent  any  vertical  spreading  during  the  punching. 
The  m.ost  immediately  obvious  result  of  the  operation  was  that  the 
burr  punched  out  was  only  1'22  inch  thick,  instead  of  being  the 
full  thickness  of  the  block,  2*52  inches ;  and  as  it  was  found  that 
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the  metal  forming  the  burr  had  not  been  increased  in  density,  it 
was  evident  that  a  portion  of  the  material  which  had  occupied  the 
space  of  the  hole  punched  must  have  been  displaced  laterally,  a 
transverse  flow  of  the  metal  being  thus  produced  at  right  angles  to 
the  direction  of  the  pressure  exerted  by  the  punch.  The  subdivision 
of  the  block  into  the  series  of  plates  affords  the  means  of  tracing  the 
nature  of  these  lateral  displacements  ;  and  the  longitudinal  section  of 
the  block  and  the  burr  after  the  operation  showed  the  arrangement  of 
the  lines  of  joint  to  be  as  represented  in  Fig.  27.  From  this  section 
it  is  seen  that  the  top  plate  and  the  three  bottom  plates  in  the  burr 
have  preserved  their  original  thickness,  while  the  twelve  intermediate 
plates  have  become  very  greatly  reduced  in  thickness,  more  especially 
in  the  upper  portion  of  the  burr ;  showing  that  in  the  upper  part  of 
the  block  the  resistance  to  lateral  displacement  must  have  been  less 
than  the  vertical  resistance  of  the  lower  plates. 

It  is  also  seen  that  the  lines  of  joint  in  the  burr  are  all  of  them 
concave  towards  the  punch,  each  plate  forming  a  small  metallic 
capsule,  enveloping  all  those  above  it  in  the  burr,  and  itself  enveloped 
by  those  below.  Moreover  on  tracing  out  the  course  of  the  joint  lines 
towards  the  sides  of  the  burr  by  means  of  a  magnifying  glass,  it  is 
found  that  the  sides  of  each  capsule  actually  extend  up  to  the  very 
top  edge  of  the  burr,  the  metal  of  each  plate  being  thus  drawn  down 
to  an  extreme  degree  of  thinness,  before  the  burr  becomes  separated 
from  the  block  out  of  which  it  is  punched.  The  same  extent  of 
drawing-down  takes  place  in  the  plates  of  the  block  punched ;  and 
the  consequence  is  that  the  interior  of  the  hole  in  the  block,  instead 
of  exhibiting  the  lines  of  joint  of  the  several  plates,  presents  a  perfectly 
continuous  surface  from  top  to  bottom,  the  hole  being  in  fact  lined  by 
an  extremely  thin  tube  drawn  down  by  the  punch  from  the  top  plate 
of  the  block ;  and  this  tube  is  itself  in  the  same  manner  surrounded 
outside  by  a  series  of  similar  tubes  drawn  from  each  of  the  successive 
plates  in  the  block.  In  the  passage  of  the  punch  through  the  block, 
each  plate  thus  becomes  first  of  all  inflected  in  the  direction  of  the 
hole,  as  indicated  by  the  curvature  of  the  lines  of  joint  seen  in  the 
section.  Fig.  27  ;  and  then  drawn  down  into  an  extremely  fine  tube, 
which  extends  to  the  very  bottom  of  the  block,  and  is  continuous 
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witL.  the  sides  of  the  corresponding  capsule  in  the  bnrr.  The 
continuity  of  the  metal  in  each  plate  being  effectually  preserved  by 
the  support  received  from  the  contiguity  of  the  adjacent  plates,  the 
metal  appears  under  these  circumstances  to  possess  a  greater  degree  of 
ductility  than  is  observed  under  ordinary  methods  of  working. 

In  punching  a  hole  of  the  same  diameter  through  a  solid  block  of 
lead  of  exactly  the  same  dimensions,  the  same  reduction  of  height 
was  found  in  the  burr  punched  out ;  and  a  similar  reduction  of  height 
is  also  found  in  the  ordinary  burrs  from  wrought-iron  plates  punched 
cold.  In  the  latter  cases  the  vertical  sections  of  the  burrs  when 
oxidised  show  a  similar  series  of  lines  concave  towards  the  punch, 
indicating  the  same  lateral  displacement  of  the  metal  in  the  operation 
of  punching,  and  the  same  formation  of  capsules  in  the  burr. 

For  the  purpose  of  examining  more  fully  the  lateral  displacement 
of  the  material  in  punching,  the  writer  had  recourse  to  the  plan  of 
producing  an  increased  amount  of  lateral  displacement,  by  punching 
a  block  of  lead  upon  a  solid  base,  without  a  die,  as  shown  in  Figs. 
28  and  29  ;  so  as  to  prevent  the  formation  of  a  burr,  and  compel  the 
whole  of  the  metal  displaced  by  the  punch  to  flow  laterally.  In  these 
experiments  circular  blocks  of  lead  were  tried,  only  2*36  inches 
diameter  and  0*94  inch  thick,  composed  of  eight  superposed  discs, 
each  0"12  inch  thick  and  2*36  inches  diameter.  The  block  was 
tightened  down  by  bolts  with  an  iron  cover-plate,  the  same  as  in  the 
previous  experiment.  Fig.  27,  and  the  hole  was  punched  by  hydraulic 
pressure  with  the  same  punch,  0*79  inch  diameter.  In  the  first 
experiment.  Fig.  28,  the  hole  was  punched  to  a  depth  of  0*74  inch, 
leaving  0*20  inch  thickness  of  metal  below  the  punch  ;  and  the  vertical 
section  of  the  block  shows  that  the  walls  of  the  tubes  drawn  down  by 
the  punch  from  the  upper  discs  have  a  greater  thickness  of  metal 
than  in  the  previous  experiment  where  the  burr  was  punched  out. 
The  diameter  of  the  block  is  also  increased  by  the  lateral  displacement, 
the  original  dimension  being  indicated  by  the  dotted  lines  A  B  ;  the 
spreading  is  greatest  at  the  base  of  the  block,  and  in  the  direction  of 
the  tool-marks  left  by  the  original  planing  of  the  iron  base-plate 
supporting  the  block.  The  bottom  edge  of  the  block  is  found  to  have 
risen  slightly  all  round  the  circumference,  clear  from  the  base-plate  ; 
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and  this  rising  is  accompanied  by  a  corresponding  thinning  of  the 
uppermost  disc  of  lead,  which  is  confined  by  the  top  cover-plate.  The 
second  experiment,  Fig.  29,  was  made  for  the  purpose  of  ascertaining 
whether,  by  punching  the  hole  still  deeper,  the  sides  of  the  tubes 
would  become  increased  in  thickness  towards  the  bottom,  in 
consequence  of  the  metal  which  in  Fig.  28  remained  beneath  the 
punch  being  now  forced  out  laterally.  The  hole  was  accordingly 
punched  in  Fig.  29  until  only  0"04  inch  thickness  of  metal  was  left 
below  the  punch  ;  and  the  result  is  seen  to  be  a  sort  of  contortion  in 
the  curves  at  C  C,  near  the  bottom  of  the  tubes ;  while  at  the  same 
time  the  increase  of  diameter  of  the  block,  beyond  the  original 
dimension  shoT^Ti  by  the  dotted  lines  A  B,  is  very  considerable  at  the 
base,  especially  in  the  direction  of  the  tool-marks  in  the  base-plate,  in 
which  direction  the  section  of  the  block  is  taken.  The  rising  of  the 
bottom  edge  of  the  block  round  the  circumfereilce  is  also  more  marked 
in  this  experiment  than  in.  the  first. 

In  many  other  manufacturing  operations  also,  such  as  shearing 
and  planing,  numerous  and  manifest  proofs  are  found  of  the  general 
principle  of  the  flow  of  solid  bodies ;  and  the  writer  has  further 
experiments  in  hand  upon  these  branches  of  the  subject.  The  facts 
aheady  established  are  however,  he  believes,  sufficiently  characteristic 
for  deducing  the  following  general  conclusions  upon  the  present 
subject : — 

First. — That  soHd  bodies  can  be  modified  in  form  according  to 
fixed  laws,  when  sufficiently  powerful  external  forces  are  brought  to 
bear  upon  them ;  and  that,  by  employing  obstacles  such  as  dies  for 
compelling  the  changes  of  form  to  take  place  in  a  fixed  direction,  a 
jet  is  produced  which  may  be  exactly  compared  to  the  jets  occasioned 
by  the  action  of  gra^aty  in  hquids. 

Secondly. — That  the  flow  of  liquids  themselves  is  only  a  particular 
case  of  the  action  of  the  forces  exerted  upon  them,  and  that 
consequently  the  conditions  of  the  flow  of  solid  bodies  ought  to  lead 
to  more  exact  knowledge  respecting  the  flow  of  liquids ;  and  the 
method  of  observation  employed  by  the  writer,  by  subdividing  the 
original  mass  into  a  number  of  distinct  parts,  allows  the  movement 
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of  separate  particles  in  the  successive  changes  of  form  to  be  traced 
throughout  the  flow. 

Thirdly. — That  the  variations  made  in  the  shape  of  the  orifices 
have  afforded  the  means  of  discovering  movements  of  rotation  round 
the  axis  of  the  jet  when  the  orifice  is  polygonal  or  eccentric ;  and  by 
increasing  the  number  of  orifices,  the  reciprocal  influence  of  the 
jets  upon  one  another  can  be  ascertained,  and  the  geometrical 
arrangements  rendered  manifest  which  result  from  the  transmission  of 
the  pressures  in  the  interior  of  the  mass,  and  from  the  losses  of  pressure, 
which  vary  according  to  the  direction.  Also  by  causing  the  metal 
cylinders  to  flow  through  lateral  orifices,  extremely  regular  changes 
of  form  are  obtained,  bearing  a  certain  relation  to  those  obtained 
in  the  concentric  longitudinal  jets.  The  following  law  may  therefore 
be  considered  of  general  application  : — that  when  pressure  is  exerted 
upon  the  surface  of  any  material,  it  is  transmitted  in  the  interior  of 
the  mass  from  particle  to  particle,  and  tends  to  produce  a  flow  in  the 
direction  where  the  resistance  is  least. 

Fourtlily. — That  by  means  of  oxidising  the  sections  of  rolled  and 
forged  iron  the  movements  of  the  interior  particles  are  shown  to  have 
followed  the  same  laws  as  in  the  previous  experiments  on  the  flow  of 
solids  ;  that  in  rolling,  all  the  elements  of  the  original  piece  are 
drawTi  out  individually  and  in  parallel  lines,  from  the  surface  to  the 
very  centre  of  the  bar,  when  the  external  force  is  powerful  enough. 
The  rolling  of  metals  may  therefore  be  compared  to  the  operations 
of  combing  and  drawing  employed  in  spinning ;  and  a  rolled  iron  bar 
may  be  considered  as  a  bundle  of  threads  or  fibres,  which  preserve 
their  original  individuality,  and  clearly  constitute  the  fibrous 
property  of  certain  qualities  of  iron ;  while  iron  plates  are  formed  of 
a  series  of  distinct  sheets  placed  on  the  top  of  one  another,  and  the 
m.ore  or  less  perfect  welding  of  these  sheets  determines  the  quality 
of  the  plate. 

Fifthly. — That  the  friction  of  the  surfaces  by  which  the  pressure 
is  applied  may  be  made  use  of  to  reduce  the  change  of  form  in 
particular  directions  ;  which  accounts  for  a  plate  preserving  the 
same  width  during  its  successive  passages  through  the  rolls  and  its 
consequent  elongation. 
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Sivthhj. — That  the  changes  of  form  produced  in  forging  may  be 
considered  as  the  results  of  successive  Sowings  effected  by  each  of 
the  individual  forces  exerted  upon  the  work  forged.  The  weight  of 
the  hammer,  the  height  of  its  fall,  and  the  form  and  state  of  its  face 
require  therefore  to  be  adjusted  relatively  to  one  another  in  the 
manner  most  favourable  for  producing  the  desired  effect  ;  the 
intensity  of  the  blow  determining  the  depth  to  which  its  effect 
penetrates,  the  form  of  hammer  face  determining  the  breadth  of 
surface  over  which  the  blow  is  spread,  and  the  state  of  its  face 
determining  the  amount  of  friction  to  resist  lateral  spreading  under 
the  blow.  Also  in  order  to  prevent  other  changes  of  form  from 
occurring  besides  those  intended,  it  is  requisite  to  apply  accessory 
resistances  by  means  of  dies  or  swages,  which  may  be  looked  upon  as 
channels  left  open  to  allow  of  the  material  flowing  in  the  direction 
desired. 

Finally. — That  in  every  case  these  changes  of  form  take  place 
from  particle  to  particle,  according  to  a  geometrical  order  which 
admits  of  mathematical  calculation.  The  tendency  of  actual  practice 
in  manufacturing  processes  is  to  realise  as  far  as  possible  the  best 
conditions  for  effecting  the  required  changes  of  form;  and  the  theory 
of  the  flow  of  solids,  by  giving  the  means  of  proving  the  effect  due 
to  each  cause,  may  be  expected  to  lead  to  the  adoption  of  definite  rules 
in  place  of  the  present  empirical  methods.  The  writer  hopes  that  his 
efforts  in  this  direction  may  be  considered  as  a  useful  step  towards 
facilitating  the  improvements  in  metallurgical  industry  which  are 
being  so  actively  pursued  both  in  France  and  England. 


M.  Tresca  exhibited  the  series  of  specimens  referred  to  in  the 
several  experiments  described  in  the  paper;  and  showed  in  action 
the  process  of  producing  by  a  hydraulic  press  a  jet  of  concentric 
cylindrical  layers  from  a  block  of  lead  composed  of  a  number  of 
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superposed  discs  of  1*18  inch  diameter  and  0"12  incli  thickness ;  these 
being  placed  in  the  hydrauhc  press,  a  continuous  jet  of  many  feet 
length  and  0'22  inch  diameter  was  caused  to  flow  through  a  concentric 
hole  in  the  base  of  the  press  cylinder,  a  succession  of  fresh  discs 
being  inserted  under  the  ram  of  the  press,  so  as  to  imitate  the 
circumstances  of  the  flow  of  a  liquid  under  a  constant  head ;  and  the 
sections  of  the  jet  broken  off"  at  all  parts  of  its  length  showed  a 
uniform  series  of  cylindrical  layers. 

Mr.  J.  BjAMSBOTTOm  considered  the  paper  that  had  been  read  was 
a  particularly  interesting  and  instructive  one,  because  it  not  only  pre- 
sented a  series  of  results  which  were  closely  in  accordance  with  those 
actually  experienced  in  practice,  but  it  also  offered  in  explanation  of 
those  results  satisfactory  reasons  derived  from  experimental  investiga- 
tion, tracing  from  the  commencement  to  the  end  the  action  of  the  force 
brought  to  bear  upon  the  material  under  operation.  One  important 
lesson  derived  from  the  paper  confirmed  the  view  which  he  had  long 
entertained  in  connection  with  forging,  namely  that  in  ordinary 
practice  the  force  employed  in  forging  was  often  by  no  means 
adequate  to  the  work  to  be  done.  In  forging  a  cylindrical  mass, 
the  external  portion  of  the  cylinder  was  loosened  from  the  internal 
portion,  if  the  blows  were  not  heavy  enough  to  penetrate  to  the 
centre  of  the  mass ;  and  this  was  clearly  illustrated  by  the  experiment 
described  in  the  paper  with  a  cyhnder  composed  of  concentric  layers 
of  lead.  In  regard  to  stamping,  the  examples  shown  of  unsound 
work  pointed  to  the  importance  of  not  attempting  to  do  too  much  at 
once,  but  of  employing  a  succession  of  dies  gradually  approximating 
to  the  ultimate  shape  desired,  as  it  was  impossible  to  arrive  at  the 
end  in  a  single  step  without  incurring  the  risk  of  hollow  and 
unsound  work. 

M.  Tresca  was  glad  to  hear  a  confirmation  derived  from  practical 
experience  in  forging  of  the  importance  of  making  the  blows  heavy 
enough  to  reach  the  interior  of  the  work,  by  properly  proportioning 
the  weight  and  fall  of  the  hammer  to  the  work  operated  upon ;  the 
necessity  for  attending  to  this  point  was  clearly  seen  from  the 
experiments  described  in  the  paper,  and  he  was  convinced  it  was  a 
matter  of  great  practical  importance. 
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Mr.  W.  Fairbairn  believed  the  paper  just  read  was  the  first 
definite  attempt  that  had  been  made  to  determine  the  law  of  the 
movement  of  the  particles  in  solid  bodies ;  and  the  interesting 
experiments  described  and  exhibited  appeared  to  demonstrate  satis- 
factorily that  the  law  of  molecular  movement  was  the  same  in  solids 
as  in  liquids,  the  flow  of  the  particles  under  pressure  taking  place  in 
both  cases  in  the  direction  of  least  resistance.  This  conclusion  would 
establish  a  new  method  of  investigating  the  changes  of  form  produced 
in  solid  bodies  by  external  forces,  and  the  results  could  not  fail  to 
be  of  great  importance  in  connection  with  the  manufacture  and 
employment  of  iron  in  particular,  and  also  in  other  mechanical 
operations.  He  hoped  the  investigation  of  the  subject  would  be 
continued  by  M.  Tresca,  especially  with  a  view  to  ascertaining  more 
definitely  the  mutual  relation  of  crystalline  and  fibrous  iron,  and  the 
real  manner  in  which  the  original  crystalline  cast  iron  became 
transformed  into  the  fibrous  state  of  rolled  iron.  His  own  opinion 
was  that  the  fibre  of  wrought  iron  was  neither  more  nor  less  than 
the  crystals  of  cast  u*on  elongated  into  parallel  filaments  by  the 
processes  of  hammering  and  rolling,  the  metal  having  first  been 
deprived  of  its  carbon. 

Mr.  R.  Mallet  remarked  that,  although  it  had  previously  been 
looked  upon  as  a  probability  that  there  was  not  any  essential 
distinction  between  solids  and  liquids  as  regarded  the  mutual 
displacement  of  their  particles  under  the  action  of  external  compres- 
sion, and  that  the  difierence  between  them  was  merely  in  the  degree  of 
resistance  opposed  to  that  displacement,  yet  the  researches  described 
in  the  present  paper  were  the  first  attempt  he  believed  to  establish 
the  truth  of  this  view  experimentally :  and  the  experiments  which 
had  been  exhibited  and  described  showed  clearly  that  the  flow  of  the 
particles  of  sohds  under  pressure  w^as  analogous  to  that  of  liquids, 
differing  only  in  degree.  He  concurred  in  anticipating  that  the 
further  prosecution  of  M.  Tresca's  important  investigations  would 
throw  light  upon  the  conversion  of  iron  and  other  metals  from  the 
crystalline  state  to  the  fibrous  and  tougher  condition.  Both  these 
states  he  considered  were  in  reality  alike  crystalline  ;  and  the  change 
from  the  one  to  the  other  appeared  to  him  to  be  due  to  the  property 
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of  malleability,  by  wliich  a  metallic  crystal  was  distinguislied  from 
all  other  crystals,  and  in  virtue  of  which  a  metallic  crystal  admitted 
of  change  of  form  to  any  extent  without  losing  its  other  properties 
as  a  crystal.  Thus  a  crystal  of  quartz  or  of  sulphate  of  copper, 
or  a  diamond,  would  be  crushed  to  powder  in  any  attempt  to  alter 
its  shape  by  pressure ;  and  admitted  of  no  change  of  form  without 
the  destruction  of  its  crystalline  condition.  But  if  a  crystal  of  gold, 
such  as  the  small  dodecahedral  crystals  found  in  Brazil,  was  beaten 
out  flat  by  the  blow  of  a  hammer  into  a  thin  circular  spangle,  it 
was  found  not  to  have  lost  its  crystalline  condition,  as  indicated  by 
the  directions  of  the  striae  produced  by  acting  upon  the  surface  with 
acid;  and  on  fusing  the  spangle  and  allowing  it  to  cool  gradually, 
the  surface  of  the  globule  again  assumed  crystalline  facets.  The 
same  occurred  in  different  degrees  with  the  cubical  crystals  of  iron 
and  those  of  other  metals ;  whence  it  seemed  not  unreasonable  to 
suppose  that  the  crystals  in  the  interior  of  a  puddled  ball  of  iron, 
for  example,  became  in  reality  the  fibres  of  the  rolled  bar,  being 
simply  elongated  to  a  very  great  extent  by  mechanical  means,  while 
their  dimensions  were  proportionately  diminished  in  their  two  other 
axes.  He  had  been  informed  of  an  instance  in  which  something 
like  a  chemical  change  appeared  to  be  produced  by  mechanical 
means  :  in  attempting  to  manufacture  brass  boiler  tubes  by  forcing 
the  metal  to  flow  out  cold  through  a  die  under  hydraulic  pressure, 
in  a  manner  similar  to  that  shown  in  the  experiment  with  lead  which 
had  just  been  exhibited  and  described  in  the  paper,  it  had  been  found 
that  the  zinc  of  the  brass  was  squeezed  out  through  the  die,  while 
the  copper  was  left  behind.  Probably  a  more  accurate  examination 
would  have  shown  that  the  zinc  squeezed  out  was  still  partly  alloyed 
with  copper,  and  that  the  copper  left  behind  retained  some  zinc 
mixed  with  it,  and  probably  the  brass  employed  might  have  been 
a  mixture  of  a  definite  alloy  with  an  excess  of  zinc ;  but  at  any 
rate  a  separation  to  a  certain  extent  of  the  two  metals  forming 
the  brass  was  stated  to  have  been  produced  by  mechanical  means. 

Mr,  J.  Ramsbottom  enquired  whether  the  alloy  of  copper  and 
zinc  left  behind  by  the  partial  separation  of  the  zinc  in  the  manner 
just  described  was  found  to  be  an  atomic  compound ;  or  whether  the 
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metals  might  have  been  imperfectly  alloyed  in  the  original  compound, 
so  as  to  be  in  a  state  of  mechanical  mixture  rather  than  of  chemical 
combination. 

Mr.  R.  Mallet  replied  that  he  had  not  got  that  information,  and 
did  not  know  whether  the  metal  left  behind  in  the  press  had  been 
analysed;  the  main  fact  noticed  had  been  that  it  was  principally 
zinc  which  issued  from  the  die,  and  principally  copper  that  remained 
behind. 

Mr.  W.  E.  Newton  remarked  that  the  idea  of  altering  the 
molecular  character  of  a  substance  by  purely  mechanical  agency  had 
lately  found  expression  in  a  proposal  to  manufactuj'e  steel  upon 
that  principle,  by  subjecting  the  wrought  iron  to  a  hammering 
upon  an  elastic  anvil  under  a  very  heavy  hammer  of  2  to  10  tons 
weight,  falling  a  short  distance  of  f  inch  to  3  inches  with  great 
rapidity  of  blows ;  the  object  being  to  produce  a  jarring  or  shivering 
action  upon  the  metal,  so  as  to  alter  the  molecular  arrangement  of 
its  particles. 

Mr.  J.  Feenie  observed  that  it  was  well  known  that  a  misappli- 
cation of  heat  caused  wrought  iron  to  lose  its  fibrous  character  and 
become  crystalline ;  but  he  did  not  understand  how  such  an  effect 
could  be  produced  by  torsion  alone,  to  which  allusion  had  been  made 
in  the  paper. 

M.  Tresca  replied  that  such  an  opinion  could  not  of  course  be 
advanced  at  present  without  great  diffidence,  to  be  confirmed  or 
rejected  according  to  the  results  of  further  investigation.  He  had 
been  led  however  to  adopt  this  view  from  the  consideration  that 
in  the  rolling  down  of  an  ordinary  puddled  ball  no  one  fibre  could 
extend  the  whole  length  of  the  bar  produced ;  and  therefore  at  the 
termination  of  any  one  fibre  and  the  commencement  of  the  succeeding 
fibre,  the  ends  of  the  two  would  simply  abut  against  each  other 
without  absolute  cohesion  ;  and  hence  it  might  be  conceived  that  if 
any  force  were  applied  sufficient  to  make  these  two  contiguous  ends 
of  fibres  move  relatively  to  each  other,  the  result  would  be  to 
"upset"  the  extremities  of  the  fibres  and  flatten  them  into  minute 
facets,  polished  by  rubbing  against  each  other  repeatedly.  This 
conjecture  appeared  to  be  confirmed  by  the  experiment  described  in 
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the  paper,  of  twisting  an  iron  bar  backwards  and  forwards  a  great 
number  of  times ;  and  an  examination  of  tlie  fracture  under  the 
microscope  showed  clearly  the  minute  flat  facets  produced  by  the 
continued  torsion,  which  presented  a  distinct  appearance  from  the 
regular  crystalline  facets  of  ordinary  non-fibrous  iron.  An  additional 
confirmation  of  this  view  was  also  derived  from  the  consideration 
that  the  most  prominent  illustration  of  the  supposed  conversion  of 
fibrous  into  crystalline  iron  was  the  case  of  railway  axles,  where 
the  strain  which  produced  the  change  and  deterioration  of  the  metal 
was  almost  exclusively  one  of  torsion ;  and  in  this  case  he  believed  it 
would  be  found  on  further  investigation  that  no  real  crystallisation 
took  place  of  the  wrought  iron,  but  only  the  transformation  of  the 
ends  of  contiguous  fibres  into  the  flat  facets  previously  described. 

Mr.  W,  Clay  remarked  that,  in  reference  to  the  oprnion  which 
had  been  expressed  that  the  fibrous  quality  of  iron  was  not  its  original 
and  natural  state,  this  view  was  confirmed  by  an  experiment  which 
he  had  recently  made  with  Bessemer  steel,  for  the  purposfe  of  obtaining 
greater  toughness  and  ductility  in  the  manufacture  of  armour-plates 
of  that  metal,  so  as  to  give  them  greater  strength  and  greater 
resistance  to  the  penetration  of  shot.  With  this  object  the  steel  was 
rolled  down  into  narrow  bands  as  thin  as  ordinary  hoop-iron,  and  in 
that  state  it  could  be  bent  backwards  and  forwards  and  twisted  in 
any  manner  without  the  slightest  signs  of  cracking,  showing  how 
completely  the  fibrous  character  had  been  developed  by  the  rolling. 
These  thin  strips  were  then  made  up  into  a  pile,  crossing  their 
direction  in  each  layer ;  but  after  reheating  the  pile,  it  was  found 
that  in  rolling  it  down  into  a  bar  of  3  X  |  inch  the  bar  broke  off 
short,  and  the  fracture  showed  that  the  metal  had  returned  to  its 
original  crystalline  state  like  ordinary  steel,  having  lost  the  fibrous 
quality. 

Mr.  C.  Cochrane  observed  that,  in  attempting  to  explain  the 
cause  of  the  crystalline  appearance  presented  by  fibrous  iron  which 
had  been  subjected  to  repeated  strains  of  torsion,  it  must  be  borne 
in  mind  that  the  elementary  fibres  were  not  all  of  the  same  length, 
and  also  that  they  overlapped  one  another  indiscriminately ;  and 
consequently,  although  some  of  the  facets  observed  in  the  fracture 
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might  perhaps  bo  accounted  for  in  the  manner  that  had  been 
suggested,  by  the  "  upsetting "  of  the  ends  of  the  fibres,  some 
further  explanation  was  still  required  of  the  crystalline  appearance 
presented  by  the  fibres  themselves  that  were  broken  tlirough  in  the 
middle  of  their  length  ;  and  it  remained  to  be  shown  how  the 
individual  fibres  were  themselves  rendered  crystalline  throughout 
their  whole  length  by  the  continuance  of  a  torsional  strain  or 
vibratory  action,  in  consequence  of  which  each  fibre  appeared  liable 
to  break  through  at  any  part  of  its  length. 

Mr.  J.  Fernie  enquired  whether  any  experiments  had  been  tried 
with  steel,  similar  to  those  made  with  iron  as  described  in  the  paper, 
for  tracing  the  changes  of  form  produced  in  various  processes  of 
manufacture. 

M.  Tresca  replied  that  he  had  not  yet  made  many  experiments 
with  steel,  on  account  of  the  difficulty  of  getting  any  material  hard 
enough  for  the  dies  through  which  the  metal  had  to  be  made  to  flow 
by  pressure ;  but  he  intended  to  prosecute  the  investigation  further 
in  respect  to  steel,  as  far  as  could  be  managed  satisfactorily  with  the 
present  means.  He  feared  however  that  there  was  some  difficulty 
in  tracing  the  changes  of  form  by  the  same  method  that  he  had 
employed  for  iron,  because  the  surface  of  the  steel  was  so  much  more 
difficult  to  oxidise,  for  examining  the  results  of  forging  and  shaping 
&c.  ;  and  moreover  the  lines  which  were  seen  in  the  specimens 
exhibited  of  iron,  in  consequence  of  its  laminated  structure,  were  not 
met  with  in  steel,  where  the  only  corresponding  indications  were 
the  series  of  minute  dots  or  "eyes,"  resulting  from  globules  of  air 
imprisoned  in  the  steel  and  oxidising  the  surfaces  of  the  minute 
chambers  containing  them.  These  air  holes  were  more  particularly 
apparent  in  Bessemer  steel,  owing  to  the  mode  of  its  manufacture ; 
and  he  had  even  met  with  some  specimens  which  could  hardly  be 
said  to  have  any  real  solidity,  on  account  of  the  continuity  of  the 
metal  being  so  greatly  interrupted  by  the  large  proportion  of  air  holes 
which  they  contained.  In  the  subsequent  rolling  or  hammering  of 
the  metal,  these  holes  became  elongated,  and  produced  a  striated 
appearance  upon  the  prepared  surface,  similar  to  the  lines  observed 
in  the  specimens  of  iron  exhibited  ;  and  in  such  a  case  the  changes 
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of  form  could  of  course  be  traced  in  the  same  manner  as  in  iron. 
The  most  remarkable  instance  that  he  had  met  with  of  freedom  from 
these  air  bubbles  was  in  the  case  of  a  Bessemer  rail  manufactured  at 
the  Imphy  Iron  Works,  near  Nevers  in  the  department  of  Nievre ; 
and  he  had  ascertained  that  the  method  adopted  at  those  works 
was  to  pour  the  melted  metal  into  a  revolving  vessel  driven  at  a 
considerable  speed,  so  as  to  clear  the  steel  of  air  by  rapid  rotation, 
the  metal  being  thrown  against  the  sides  of  the  vessel  by  the 
centrifugal  force,  while  the  particles  of  air  from  their  greater  specific 
lightness  were  displaced  and  expelled  at  the  centre.  This  method 
appeared  very  effective  in  practice,  in  freeing  the  steel  from  the 
minute  air  bubbles  which  it  contained  on  leaving  the  converting 
vessel  or  the  melting  pot. 

The  President  considered  the  investigations  described  in  the 
paper  were  such  as  would  lead  to  most  important  practical  results 
in  dealing  with  iron  and  steel  and  other  metals  ;  the  subject  was 
evidently  one  which  would  amply  repay  careful  study ;  and  they 
were  greatly  indebted  to  M.  Tresca  for  his  extensive  and  carefully 
conducted  experiments. 

He  moved  a  vote  of  thanks  to  M.  Tresca,  which  was  passed,  for 
his  paper  and  for  the  valuable  and  interesting  set  of  specimens  which 
were  exhibited,  showing  the  practical  application  of  the  paper  to  the 
processes  of  ordinary  work. 


The  following  paper  was  then  read: — 
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ON  MECHANICAL  PUDDLING. 


By  Mr.  WILLIAM  MENELAUS,  of  Dowlais  Iron  Works,  Merthyr  Tydvil. 


During  the  last  few  years  varions  attempts  have  been  made  to 
apply  machinery  to  the  purpose  of  Puddling  Iron,  by  adapting  it  to 
the  ordinary  puddling  furnaces,  where  it  is  made  to  do  the  heaviest 
portion  of  the  work,  but  leaving  the  workman  to  exercise  his  skill 
in  guiding  the  tools,  and  in  working  and  finishing  the  heat  much  as 
in  the  old  way.  Special  machinery  for  this  purpose  was  invented 
and  first  used,  the  writer  believes,  in  France ;  and  a  great  deal  of 
ingenuity  has  been  expended  upon  the  subject,  both  in  France  and 
England.  In  England,  although  the  machines  were  somewhat 
simplified,  and  rendered  as  perfect  as  machinery  of  the  kind  can 
well  be  made,  they  have  not  met  with  much  favour,  and  very  few 
are  now  at  work ;  but  these  machines  have  not  received  the  attention 
and  encouragement  which  in  the  writer's  opinion  they  deserve. 

Other  attempts  have  been  made  to  dispense  with  manual  labour 
altogether  in  puddling,  by  giving  motion  to  the  furnace  itself,  in 
order  to  produce  the  necessary  agitation  in  the  metal,  and  so  render 
the  use  of  tools  nearly  or  altogether  unnecessary.  One  plan  is  to 
impart  a  rocking  motion  to  the  furnace  ;  and  in  another  the  bed  of 
the  furnace  is  made  to  revolve  on  a  vertical  axis,  or  an  axis  slightly 
inclined  from  the  vertical.  Another  plan  was  that  of  Messrs.  Walker 
and  Warren,  for  making  the  furnace  in  the  form  of  a  cylinder, 
which  was  to  be  hned  to  the  proper  shape,  and  made  to  revolve  on 
friction  wheels  "vvith  the  axis  horizontal  or  nearly  so.  No  experiments 
on  a  practical  scale  however  were  made  in  connection  with  the 
origination  of  this  idea,  as  far  as  the  writer  is  aware ;  but  it  was 
subsequently  taken  up  by  Mr.  Tooth,  who  made  a  long  series  of 
experiments  on  puddling  in  cylindrical  vessels,  and  appears  to  have 
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been  the  first  to  succeed  in  producing  puddled  balls  without  the 
intervention  of  manual  labour.  For  more  than  twenty  years  the 
writer's  attention  has  been  directed  to  the  question  of  mechanical 
puddling ;  and  he  has  watched  carefully  every  attempt  which  has 
been  made  to  improve  the  system  of  puddling,  either  by  lessening 
the  labour  of  the  workman  or  by  endeavouring  to  dispense  with 
manual  labour  altogether. 

Some  years  since  the  writer  commenced  a  series  of  experiments 
on  mechanical  puddHng,  taking  the  above  idea  of  the  horizontal 
cylindrical  vessel  as  the  one  most  likely  to  fulfil  all  the  conditions 
which  he  held  to  be  essential ;  and  the  purpose  of  the  present  paper 
is  to  detail  the  amount  of  success  achieved,  and  more  particularly  the 
many  grave  difficulties  that  have  been  met  with,  some  of  which  have 
not  yet  been  overcome. 

Having  arrived  at  the  conclusion  that  the  horizontal  vessel  was 
the  best,  the  next  step  was  to  ascertain  the  best  form.  In  designing 
the  experimental  vessel,  the  writer  took  as  a  guide  the  internal  area 
of  a  common  puddhng  furnace  at  the  bridge  and  flue  ;  and  made  a 
vessel  which  when  lined  should  have  openings  at  the  ends  about 
equal  in  area  to  those  of  the  common  puddling  furnaces.  The 
middle  diameter  and  length  of  the  vessel  were  such  that  a  heat 
of  5  or  6  cwts.  could  be  worked  without  boiling  over.  The  form  of 
vessel  was  thus  arrived  at  that  is  shown  in  Fig.  6,  Plate  35,  where 
the  shape  of  the  experimental  vessel  is  indicated  by  the  dotted  lines. 

The  notion  of  bringing  out  the  heat  in  several  balls  was 
discarded,  because  with  the  form  of  vessel  adopted  it  would  have 
been  next  to  impossible  to  do  this  ;  and  for  rail-making,  which  is  the 
principal  trade  at  Dowlais,  a  large  ball,  say  of  6  cwts.,  is  a  positive 
advantage.  The  size  of  the  bridge  end  of  the  vessel  is  just  sufficient 
to  allow  a  ball  of  6  cwts.  to  pass  through,  and  the  vessel  is  adapted 
to  work  a  sufficient  quantity  of  iron  for  producing  a  ball  of  about 
this  weight,  as  shown  dotted  at  A  in  Fig.  6 ;  a  specimen  of 
the  ball  is  exhibited  to  the  meeting.  Each  end  of  the  experimental 
vessel  was  made  symmetrical  in  shape,  as  shown  by  the  dotted 
lines. 
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The  vessel  is  made  of  3-8tlis  inch  boiler  plates,  with  covering 
strips  over  the  joints,  as  shown  in  Figs.  6  and  7,  Plates  35  and  36. 
Its  entire  length  is  8  ft.  2  ins.,  and  the  greatest  diameter  is  5  ft.  9  ins. ; 
the  diameter  of  the  shell  at  the  flue  end  is  2  ft.  4  ins,,  and  at  the 
bridge  end  2  ft.  10  ins.  The  vessel  is  divided  vertically  into  two 
halves,  which  are  joined  by  strong  angle-irons.  On  the  bridge  end  of 
the  vessel  is  shrunk  a  strong  wrought-ii'on  hoop  B,  6  ins.  wide  by 
2  ins.  thick ;  and  upon  the  flue  end  another  wrought-iron  hoop  C  is 
fixed,  of  the  section  shown  in  Fig.  6 ;  to  this  hoop  is  bolted  the  spur 
wheel  D  whereby  the  vessel  is  driven,  which  is  put  on  in  two  pieces 
and  fastened  by  bolts,  as  shown  in  the  drawing.  The  hoops  B  and 
C  at  the  ends,  and  the  edges  of  the  middle  angle-irons,  are  turned  up 
true  in  the  lathe.  The  vessels  are  all  made  to  a  gauge,  so  that  any 
vessel  will  work  in  any  set  of  bearings.  Two  trunnions  EE  are  fixed 
to  each  vessel  for  the  purpose  of  lifting  it  out  of  its  bearings,  and 
also  for  tipping  it ;  these  trunnions  are  firmly  bolted  to  the  middle 
angle-irons,  and  are  fixed  as  nearly  as  possible  in  the  centre  of  gravity 
of  the  vessel  when  lined. 

After  completing  a  series  of  experiments  with  a  single  vessel, 
a  Forge  for  containing  eight  working  vessels  of  shghtly  modified 
form  was  designed,  as  shown  in  Figs.  1,  2,  and  3,  Plate  33,  one  half 
of  which  was  erected,  w^ith  the  charging  and  tipping  arrangements, 
a  steam  hammer  for  working  the  balls,  and  a  steam  crane  for  lifting 
the  vessels.  With  these  four  vessels  a  large  quantity  of  iron  has 
been  made  and  a  great  number  of  experiments  tried. 

Figs.  9  and  10,  Plate  37,  show  a  side  and  end  view  of  the  vessel 
in  position  for  receiving  its  charge.  Although  cold  iron  may  be 
charged  into  the  vessel  and  melted  in  it  in  the  ordinary  way,  arrange- 
ments were  made  for  running  it  in  hot  from  a  blast  furnace,  to  save 
time  in  melting.  A  strong  wrought-iron  loop  F  suspended  from  the 
steam  crane  is  hitched  to  the  trunnions  E  of  the  vessel ;  the  ends  of 
this  loop  drop  into  sockets  in  the  strong  cast-iron  frame  G  which 
supports  the  vessel  while  it  is  being  charged.  After  the  charge  is 
run  in  by  the  spout  at  H,  the  vessel  is  lifted  by  the  crane  and  placed 
in  its  proper  bearings,  where  it  is  immediately  thrown  into  gear,  and 
the  operation  of  puddling  commences. 

Y 
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Figs.  11  and  12,  Plate  38,  sliow  tlie  vessel  in  tlie  position  for 
tipping.  Wlien  tlie  lieat  is  finished  the  vessel  is  lifted  by  the  crane 
from  its  bearings,  and  placed  in  a  cast-iron  frame,  the  ends  of  the 
loop  F  passing  through  holes  in  the  side  brackets  JJ  to  keep  the 
vessel  in  position.  A  clutch  I  is  then  thrown  into  gear  with  the 
trunnion  E  by  the  lever  K,  and  by  turning  the  spindle  L  with  a 
common  winch  handle,  the  vessel  may  be  tipped  with  ease  in  either 
direction.  The  cinder  is  first  discharged  from  the  small  end ;  and  then 
for  discharging  the  ball,  the  bridge  end  of  the  vessel  is  turned  down, 
as  shown  by  the  dotted  lines  in  Fig.  11 ;  and  the  ball  drops  out  upon 
a  carriage,  ready  to  be  taken  to  the  hammer.  The  vessel  is  then 
brought  back  to  a  horizontal  position  and  lifted  by  the  crane  into  the 
charging  frame  previously  described,  whence  it  is  again  taken  when 
filled  to  the  driving  gear  for  puddling. 

Figs.  4  and  5,  Plate  34,  show  an  end  elevation  and  plan  of  the 
driving  machinery,  and  the  position  of  the  vessels  when  at  work. 
The  vessels  are  arranged  in  pairs,  each  pair  being  worked  by  a  small 
8-inch  cylinder  engine  M.  The  vessel  A  is  shown  on  its  bearings, 
while  its  fellow  is  removed  so  as  to  show  more  clearly  the  framework 
and  the  friction  wheels  NN  upon  which  it  rests  when  at  work.  The 
firegrate  P,  Figs.  5  and  6,  is  of  the  same  dimensions  as  the  grate  of 
an  ordinary  puddling  furnace ;  and  the  flue  Q  communicates  by  an 
underground  culvert  with  a  chimney  common  to  four  puddling 
vessels,  as  shown  in  Figs.  1  and  2.  The  fluebox  is  fitted  with  a 
door  R,  like  a  common  paddling  furnace  door,  and  a  damper  S,  as 
shown  in  Fig.  6.  Rings  of  angle-iron  are  bolted  to  the  throats  of  the 
firebox  and  fluebox,  as  shown  in  Fig.  6  ;  these  rings  are  concentric 
with  the  hoops  B  and  C  on  the  ends  of  the  vessel,  and  a  space  of  2  or 
3  inches  is  left  at  each  end  between  the  hoops  and  the  angle-iron 
rings.  These  spaces  are  closed  by  a  telescope  joint  by  means  of 
thin  bands  TT  sliding  upon  the  angle-iron  rings ;  and  these  bands 
may  either  be  made  to  close  the  joints  entirely,  or  may  be  left  partially 
open  for  the  admission  of  air  at  the  firebox  end,  as  much  as  the 
workman  considers  necessary  during  the  process  of  puddling.  When 
the  vessel  is  being  lifted  out  of  its  bearings  these  bands  are  slid  back, 
so  as  to  allow  a  few  inches  of  clearance  between  the  vessel  and  the 
fixed  firebox  and  fluebox. 
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The  vessels  are  driven  by  spur  gearing,  as  indicated  in  Fig.  4 ; 
and  either  vessel  of  the  pair  may  be  disengaged  independently  of  the 
other,  by  sliding  its  driving  pinion  out  of  gear.  When  at  work  each 
vessel  rests  upon  the  friction  wheels  NN"  of  large  diameter,  as  shown 
in  Figs.  6  and  7.  At  the  flue  end  these  wheels  fit  into  a  groove  in 
the  end  bearing  C  of  the  vessel.  Fig.  6,  so  as  to  prevent  end  motion. 

Figs.  1,  2,  and  3  show  the  general  arrangement  of  the  forge  as 
designed,  one  half  of  which  was  erected  at  the  Dowlais  Works.  The 
puddling  vessels  A  A  are  arranged  in  pairs  round  the  steam  crane  U, 
Fig.  2 ;  y  is  the  position  of  the  vessels  when  being  filled  with  their 
charge  from  the  blast  furnace  W,  and  X  is  the  position  when  they 
are  being  emptied.  The  steam  hammer  for  reducing  the  balls  to 
square  blooms  is  situated  at  Y ;  and  Z  Z  are  small  cranes  for  lifting 
the  vessels  when  they  are  being  lined.  The  circular  arrangement  of 
the  puddling  vessels  round  a  central  crane  has  been  chosen  by  the 
writer  as  the  one  best  suited  to  the  situation  ;  but  they  may  be 
arranged  in  lines,  or  in  any  other  manner  which  may  be  deemed  most 
convenient  for  working  and  handling  them. 

The  chief  difficulty  in  puddling  in  revolving  vessels  is  to  get  a 
lining  which  will  withstand  the  chemical  action  of  the  melted  metal 
and  cinder,  and  the  mechanical  action  of  the  iron  from  the  time  it 
comes  to  nature  until  it  is  balled  up.  The  successful  use  of  "ganister" 
for  hning  the  Bessemer  converting  vessels  led  the  writer  to  try  this 
substance,  and  the  vessels  were  in  the  first  place  lined  with  ganister 
rammed  in  in  the  same  way  as  in  the  Bessemer  converters.  The 
linings  of  ganister  stood  on  the  whole  very  fairly,  but  the  iron 
produced  was  cold-short ;  and  although  various  devices  were  used  to 
get  over  this  grave  defect,  they  have  not  been  entirely  successful. 
Various  linings  have  been  tried,  indeed  almost  every  likely  substance, 
and  some  of  them  in  various  forms.  One  of  the  most  successful  was 
what  is  known  as  "  titanic  ore"  from  Egersund  in  Norway,  introduced 
to  the  writer's  notice  by  Mr.  Biley.  This  substance  was  used  in 
sohd  blocks  in  its  natural  condition,  and  also  finely  ground,  tempered, 
and  rammed  in  the  same  way  as  the  ganister  linings  ;  it  stood  very 
fairly,  particularly  in  solid  blocks,  and  the  iron  produced  was  of  a 
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better  quality  tlian  with  the  ganister  lining,  being  less  cold-short,  and 
also  free  from  red-shortness  when  properly  treated  in  the  furnaces. 
The  titanic  ore  and  the  ganister  were  found  on  the  whole  the  best  of 
the  materials  used  for  lining  the  puddling  vessels,  and  they  may  be 
taken  as  types  of  the  various  substances  tried. 

The  Hnings  were  put  in  in  various  ways.  Sometimes  the  naaterial 
was  used  in  its  natural  condition,  as  in  the  case  of  the  titanic  ore ;  and 
sometimes  it  was  reduced  to  powder,  tempered,  and  rammed  round  a 
core,  and  then  carefully  dried  in  situ.  In  other  cases  the  ground 
material  was  made  into  bricks  of  the  proper  size  and  form  to  fit  the 
vessels,  and  these  were  burnt  in  the  usual  way,  and  set  carefully  in 
the  vessel  with  cement,  generally  of  the  same  material. 

Some  of  the  substances  tried  for  lining,  from  which  better  results 
might  have  been  expected,  failed  signally:  in  this  class  were  "bulldog" 
and  "puddling  ore."  As  soon  as  it  was  known  that  experiments 
were  being  made  at  Dowlais  on  a  large  scale,  suggestions  were  sent 
to  the  writer  from  all  quarters,  mostly  from  England,  but  many  from 
the  continent  of  Europe,  and  some  even  from  America.  The  writer 
may  fairly  say  that  he  gave  every  feasible  suggestion  a  fair  trial, 
when  it  was  practicable  to  do  so.  A  lining  of  iron  in  imitation  of 
the  common  puddling  furnace  was  a  favourite  plan  with  many,  and 
to  test  it  the  writer  had  a  vessel  lined  with  iron  bars,  placed  on  edge 
in  the  longitudinal  direction  and  firmly  secured  to  the  vessel ;  the 
spaces  between  the  bars  were  filled  and  rammed  hard  with  one  of  the 
best  hning  materials.  The  bars  were  for  the  purpose  of  preventing 
the  lining  from  being  abraded  by  the  action  of  the  granular  iron  in 
the  course  of  puddling ;  and  it  was  hoped  that  the  lining  in  its  turn 
might  prevent  the  iron  from  adhering  to  the  edges  of  the  bars.  As 
was  feared  however,  the  iron  stuck  fast  to  the  bars  wherever  their 
edges  were  exposed,  to  such  an  extent  that  in  one  instance  the  whole 
heat  adhered  to  the  sides  of  the  vessel.  As  far  as  the  writer's 
experience  goes,  it  is  next  to  impossible  to  prevent  the  puddled  iron 
from  adhering  to  the  clean  surface  of  an  iron  lining,  heated  to  the 
temperature  necessary  for  puddling. 

It  was  observed  that  mth  the  natural  draught  through  the  vessels 
the  action  produced  on  the  charge  by  the  oxygen  of  the  air  was  not 
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SO  marked  and  effective  as  in  ordinary  puddling  furnaces ;  which  was 
easily  accounted  for  by  the  form  of  the  vessels,  the  iron  not  being  so 
directly  exposed  to  the  action  of  the  air  passing  through  the  furnaces. 
To  remedy  this  defect,  blast  was  introduced  at  the  firebox  end,  and 
made  to  impinge  upon  the  surface  of  the  charge.  This  had  a  marked 
effect  in  impro\ang  the  quality  of  the  iron ;  it  removed  a  great  portion 
of  the  impurities,  and  as  a  consequence  produced  a  cinder  richer  in 
iron  and  more  closely  approximating  to  that  of  the  ordinary  puddling 
furnaces. 

Although  the  quahty  of  iron  produced  was  not  altogether 
satisfactory — and  this  is  the  great  difficulty  still  to  be  solved — the 
quality  was  wonderfully  uniform  :  there  was  no  bad  puddhng  in  the 
ordinary  sense,  the  iron  being  all  perfectly  and  uniformly  worked. 

The  results  here  briefly  stated  were  arrived  at  by  a  long  series  of 
experiments  on  mechanical  puddling,  made  with  great  care,  and  on 
a  scale  sufficiently  large  and  practical  to  render  them  thoroughly 
reliable ;  and  the  writer's  aim  in  the  present  paper  has  been  to  give 
a  complete  account  of  all  that  has  been  done  at  Dowlais  in  trying  to 
cheapen  and  improve  what  is  perhaps  the  most  important  process 
in  the  iron  manufacture — a  process  that  appears  likely  to  hold  its 
ground  in  some  form  or  other  for  very  many  years,  inasmuch  as  it  is 
the  only  method  at  present  known  by  which  on  a  large  scale  the 
great  bulk  of  the  pig  iron  made  can  be  converted  into  malleable  iron 
or  steel.  Although  by  the  Bessemer  process  certain  qualities  of  pig 
iron  can  be  converted  into  a  material  which  for  nearly  every  purpose 
is  greatly  superior  to  the  malleable  iron  produced  by  puddling,  this 
method  unfortunately  admits  only  of  dealing  with  iron  practically 
free  from  certain  impurities  that  are  common  to  the  great  bulk  of 
the  pig  iron  produced  in  almost  every  country ;  and  thus  the 
application  of  this  highly  ingenious  and  beautiful  process  is  Hmited. 
It  seems  not  improbable  indeed  that  the  Bessemer  process,  even  yet 
in  its  infancy,  may  owe  its  full  development  to  puddling ;  for  it  has 
already  been  practically  demonstrated  that  steel  of  excellent  quality 
can  be  made  from  common  pig  iron  purified  by  the  puddling  process, 
and  therefore  the  expense  of  puddling  seems  to  be  the  only  obstacle 
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in  the  way  of  its  application  for  preparing  common  pig  iron  for  the 
Bessemer  converters. 

Looking  at  the  subject  of  iron  manufacture  as  a  whole,  there 
appears  to  be  no  commercial  question  at  the  present  time  of  so  much 
importance  to  the  world  at  large  as  that  of  cheapening  the  mode  of 
purifying  crude  iron.  At  present  this  is  effected  by  such  a  combination 
of  high  skill  and  severe  manual  labour  as  can  only  be  purchased  at 
great  cost ;  and  this  cost  will  doubtless  go  on  increasing,  unless 
something  is  done  to  lighten  materially  the  labour  of  the  puddler 
and  so  render  his  occupation  more  endurable.  In  England  it  may  be 
said  that  the  extension  of  the  iron  manufacture  is  hmited  by  the 
supply  of  labour  in  this  particular  branch ;  and  there  are  serious 
doubts  whether  under  any  circumstances  the  supply  will  keep  pace 
with  the  demand. 


Mr,  Menelaus  showed  one  of  the  puddled  balls  that  had  been 
produced  in  one  of  the  puddling  vessels  at  Dowlais,  the  weight  of 
the  ball  being  about  6  cwts. 

The  Peesident  enquired  whether  there  was  a  greater  liability  of 
the  cinder  becoming  wrapped  up  in  the  ball  in  that  mode  of  puddling, 
on  account  of  the  ball  being  formed  by  rolling  over  and  over  in  the 
revolving  puddling  vessel. 

Mr.  Menelaus  replied  that  the  risk  of  wrapping  up  cinder  in  the 
ball  was  not  found  to  be  greater  than  in  ordinary  puddling;  and 
although  the  actual  quantity  of  cinder  contained  in  the  ball  was 
greater,  that  was  only  in  proportion  to  the  increased  size  of  the  ball 
itself  produced  from  the  puddling  vessel. 

Mr.  C.  W.  Siemens  remarked  that  the  subject  of  puddling  iron 
was  one  that  he  had  been  engaged  upon  for  some  years,  with  the 
object  of  improving  and  economising  the  process,  and  he  was  satisfied 
that  any  improvement  such  as  the  one  now  described,  which  could 
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dispense  -with  the  toilsome  manual  operation  at  present  prevailing, 
would  be  of  very  great  value.  In  reference  to  the  plan  tried  at 
Dowlais,  the  one  difficulty  which  had  principally  struck  him  was, 
how  to  make  a  lining  for  the  puddling  vessel  which  should  stand  for 
a  sufficient  length  of  time  to  be  practically  successful;  and  it 
appeared  from  the  paper  jast  read  that  this  had  been  found  the 
chief  practical  difficulty  in  the  experiments,  and  that  it  had  not 
yet  been  successfully  overcome.  In  his  own  trials  of  puddling 
furnaces  he  had  found  that  the  particular  part  where  the  lining  failed 
was  all  along  the  line  of  the  surface  of  the  melted  iron,  and  in  the 
revolving  puddling  vessel  now  described  that  line  was  continually 
changing. 

In  the  new  mode  of  puddling  now  described,  one  point  upon 
which  he  would  be  glad  of  further  information  was,  whether  there 
was  sufficient  means  of  watching  the  operation  during  its  successive 
stages,  so  as  to  regulate  the  nature  of  the  heat  given.  In  the 
ordinary  puddling  furnaces  a  melting  heat  was  first  required,  for 
reducing  the  metal  to  a  fluid  state  as  rapidly  as  possible  ;  but  in  the 
present  instance  the  melting  was  not  done  in  the  puddling  vessel,  the 
melted  iron  being  run  in  direct  from  the  cupola  or  blast  furnace. 
Then  came  the  period  of  stirring,  an  operation  which  required  great 
attention,  because  if  the  iron  was  deprived  of  its  carbon  or  "  came  to 
nature  "  too  soon,  it  would  not  mix  properly  with  the  cinder,  and 
therefore  a  great  deal  of  the  foreign  matter  originally  contained  in 
the  iron  would  remain  in  it,  instead  of  being  removed  by  the  cinder. 
During  this  operation  the  condition  of  the  metal  could  be  completely 
watched  in  the  ordinary  puddling  furnaces,  through  the  door  at  which 
the  puddler's  tool  or  "  rabble  "  was  inserted.  A  smoky  or  reducing 
flame  was  necessary  until  the  metal  had  become  sufficiently  freed 
from  impurities  ;  after  which  a  keen  oxidising  flame  was  employed, 
to  cause  the  crystals  of  iron  to  be  formed,  and  finally  prepare  the 
metal  for  balling  up.  In  the  revolving  puddling  vessel  described  in 
the  paper  he  did  not  see  that  there  could  be  the  same  means  of 
watching  the  progress  of  the  process. 

In  regard  to  the  mode  of  introducing  the  flame  from  the  firebox 
into  the  revolving  puddling  vessel,  it  struck  him  as  objectionable 
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that  the  axis  of  the  flame  coincided  so  nearly  with  the  axis  of  the 
vessel ;  and  it  appeared  to  him  that  what  was  wanted  was  to  get  the 
direction  of  the  flame  more  incHned  to  the  axis  of  the  vessel,  as  the 
flame  was  required  to  strike  downwards  upon  the  metal,  instead  of 
simply  passing  over  it  parallel  to  its  surface.  This  was  not  so  easy 
to  manage  with  the  revolving  vessel  as  in  an  ordinary  puddling 
furnace,  unless  it  were  done  by  the  aid  of  a  blast  apphed  in 
an  inclined  direction ;  but  then  the  employment  of  blast  would  be 
attended  with  an  extra  loss  of  the  metal  itself  by  oxidation.  He 
thought  however  that  a  regenerative  gas  furnace  would  remove  this 
difiiculty,  by  allowing  of  the  flame  being  introduced  in  an  inclined 
direction  without  requiring  the  use  of  blast. 

He  enquired  also  whether  the  actual  loss  of  metal  in  puddling  by 
the  revolving  vessel  was  found  to  be  greater  than  in  the  ordinary 
puddling  furnace.  The  question  of  commercial  economy  was  perhaps 
of  secondary  importance,  in  comparison  with  the  primary  consideration 
of  the  practical  success  of  the  process  for  the  manufacture  of  iron ; 
and  the  mechanical  arrangements  for  performing  the  operation  of 
puddhng  appeared  certainly  to  be  well  carried  out. 

Mr.  F.  J.  Bramwell  enquired  what  was  the  rate  of  revolution  of 
the  puddling  vessel,  and  whether  it  was  uniform  during  the  whole 
time  of  the  operation;  and  also  what  was  the  length  of  time 
ordinarily  occupied,  from  the  time  of  running  the  melted  iron  into 
the  puddling  vessel  until  the  finished  ball  was  ready  for  turning  out. 
He  asked  also  whether  any  red  ore  or  other  material  containing  iron 
was  employed  for  lining  the  puddling  vessel,  as  was  done  sometimes 
in  ordinary  puddling  furnaces,  and  if  so  in  what  quantity  it  was 
used  and  how  it  was  applied;  because  in  some  instances  of  an 
apparently  high  yield  obtained  from  puddling  furnaces  in  which  a 
large  proportion  of  red  ore  was  used  for  the  lining,  he  believed  that 
part  of  the  yield  was  really  due  to  the  reduction  of  the  lining  itself 
during  the  process  of  puddling. 

Mr.  Menelaus  said  that  the  first  object  which  he  had  aimed  at  in 
the  endeavour  to  accomplish  mechanical  puddling  had  been  to  obtain 
a  good  result  in  regard  to  the  quality  of  material  produced,  before 
attending  to  the  question  of  commercial  economy ;    but  he  must 
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frankly  admit  that  all  the  attempts  which  had  been  made  at  the 
Dowlais  Iron  Works  during  several  years  past  had  not  yet  resulted 
in  success  ;  and  so  far  indeed  was  the  process  described  in  the  paper 
from,  proving  yet  a  practical  success,  that  at  the  present  time  the 
puddling  machines  w^ere  all  standing  idle.  The  importance  of 
lightening  the  puddler's  labour  was  very  seriously  felt  at  Dowlais, 
where  there  were  as  many  as  150  puddHng  furnaces  to  be  kept 
constantly  at  work ;  and  great  difficulty  had  been  experienced  in 
finding  regularly  a  sufficient  number  of  men  to  work  so  large  a 
number  of  furnaces.  If  the  laborious  part  of  the  process  could  be 
hghtened,  men  could  more  easily  be  got  to  perform  the  rest  of  the 
work;  but  there  were  so  many  conditions  essential  to  successful 
puddling,  that  it  was  extremely  difficult  to  substitute  mechanical 
agency  for  the  present  manual  labour. 

The  means  of  watching  the  process  of  puddhng  in  the  revolving 
vessel  was  through  the  end  door  (R-,  Fig.  6)  in  the  fiuebox,  and  the 
damper  in  the  fluebox  allowed  of  regulating  the  heat  in  the  vessel ; 
and  in  both  these  respects  the  facihties  affiDrded  in  the  new  plan  were 
as  great  as  in  the  ordinary  puddling  furnaces.  The  direction  of  the 
flame  entering  the  puddling  vessel  from  the  firebox  was  originally 
parallel  to  the  axis  of  the  vessel,  the  mouth  of  the  firebox  having 
been  built  cyhndrical  in  the  first  instance,  the  same  as  the  mouth 
of  the  fluebox  at  the  opposite  end  of  the  puddling  vessel ;  but 
afterwards  the  brickwork  was  altered,  by  making  the  top  of  the 
firebox  mouth  to  slope  downwards  (as  shown  at  M,  Figs.  6  and  8), 
so  as  to  deflect  the  flame  down  upon  the  metal  in  the  puddling 
vessel  as  much  as  possible.  It  was  not  easy  however,  on  account 
of  the  shape  of  the  puddling  vessel,  to  deflect  the  flame  to  the  full 
extent  that  was  desirable,  though  this  was  readily  managed  in  the 
ordinary  puddling  furnaces. 

The  rate  of  revolution  of  the  puddling  vessels  in  working  was 
about  six  revolutions  per  minute  during  the  time  that  the  iron 
remained  liquid ;  but  the  speed  could  be  varied  at  will,  and  during 
the  balling  up  it  was  reduced  to  two  or  three  revolutions  per  minute. 
One  man  attended  to  a  pair  of  vessels,  and  each  vessel  turned  out 
six  heats  per  day.     Although  the  melted  metal  was  run  direct  into 
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the  puddling  vessel,  to  save  the  time  and  expense  of  melting  it 
down  in  the  vessel,  the  slight  saving  of  time  thus  effected  was  not 
sufficient  to  admit  of  increasing  the  number  of  heats  worked  in  the 
day,  because  by  far  the  greatest  portion  of  the  time  was  occupied  in 
the  operation  of  puddling.  In  regard  to  the  use  of  red  ore  in  the 
puddling  vessel,  it  was  necessary  in  all  puddling  furnaces  to  introduce 
oxide  of  iron  in  some  form ;  this  was  used  in  the  revolving  vessels 
in  the  same  way  as  in  ordinary  puddling  furnaces,  and  among  other 
substances  he  had  used  the  red  ore  for  the  purpose.  The  loss  of 
iron  in  puddling  was  very  nearly  the  same  as  in  the  ordinary 
furnaces,  being  about  2  or  3  cwts.  per  ton  of  pig  metal  charged  into 
the  furnace. 

The  President  enquired  about  the  durability  of  the  lining  of  the 
puddhng  vessel,  what  had  been  the  greatest  number  of  heats  that 
had  been  worked  in  one  vessel  before  it  required  to  be  relined ;  he 
supposed  it  was  the  question  of  lining  which  would  principally 
determine  the  ultimate  success  or  failure  of  the  plan  of  mechanical 
puddling  now  described. 

Mr.  Menelatjs  replied  that  he  attributed  the  present  failure 
of  the  attempt  solely  to  the  failure  of  the  lining  in  the  puddling 
vessel ;  the  chemical  action  of  the  melted  metal  and  cinder,  together 
with  the  mechanical  action  of  the  iron  in  its  granular  state,  soon 
wore  the  lining  away,  and  it  got  mixed  with  the  iron,' which  was 
consequently  rendered  inferior  in  quality  ;  little  or  no  injury  was 
done  to  the  lining  by  the  rolling  of  the  iron»when  balled  up.  One 
of  the  best  lining  materials  was  ganister,  which  had  been  found  to 
stand  about  one  hundred  heats.  Another  lining  had  been  made  of 
hard  cinder  and  red  ore,  liquefied  in  the  vessel,  and  allowed  to  cool 
gradually  while  the  vessel  slowly  revolved,  so  as  to  line  the  interior 
with  a  uniform  coating ;  but  this  lining,  like  the  others,  had  failed. 

Mr.  E.  Williams  said  he  had  seen  the  puddling  machines  at 
work  at  Dowlais,  and  he  was  at  a  loss  to  understand  why  there 
should  be  any  more  difficulty  in  watching  the  process  and  regulating 
the  heat  during  the  whole  of  the  operation  than  there  was  in  the 
ordinary  puddling  furnaces.  There  appeared  to  him  to  be  quite 
sufficient  faciUty  for  seeing  the  metal  through  the  door  in  the  fluebox ; 


MECHANICAL    PUDDLING.  163 

find  for  rogulat'iug  the  lieat  the  puddler  could  have  recourse  either 
to  the  damper  or  to  the  fire  itself.  While  witnessing  the  experiments 
at  Dowlais  he  had  been  much  struck  by  the  very  efficient  stirring 
produced  by  the  revolving  puddling  vessel,  which  was  better  than 
any  stirring  by  the  ordinary  mode  with  a  rabble.  As  the  iron  began 
to  come  to  nature  it  adhered  to  the  side  of  the  revolving  vessel,  and 
was  carried  up  until  it  fell  over  again  to  the  bottom  in  a  sort  of 
spray ;  and  in  this  way  it  was  exposed  most  completely  to  the  action 
of  the  flame. 

With  regard  to  the  sand  lining  of  the  revolving  puddling  vessel, 
it  produced  exactly  the  same  evil  that  existed  during  the  earliest 
years  of  puddling,  when  the  furnace  bottom  was  sand,  and  the  quality 
of  the  iron  worked  in  the  furnace  was  thereby  greatly  injured.  Some 
thirty  years  ago  the  cast-iron  furnace-bottom  was  introduced,  from 
which  the  greatest  advantage  resulted ;  in  fact  this  was  the  chief 
improvement  that  had  been  made  since  the  original  invention  of 
puddling.  In  the  revolving  puddling  vessel  the  essential  difference 
from  an  ordinary  puddling  furnace  was  that  the  part  which  was  at 
one  moment  the  bottom  of  the  furnace  formed  at  the  next  moment 
the  roof;  and  the  lining  would  not  stand  the  heat.  He  thought 
however  that  a  wrought-iron  vessel  might  be  lined  with  strong 
cinder,  and  suggested  that  a  plentiful  stream  of  cold  water  should 
be  applied  outside  in  order  to  set  the  lining.  There  would  probably 
be  some  need  of  experiment  to  determine  the  thickness  at  which  this 
lining  would  stand  ;  but  he  felt  sure  such  a  lining  could  be  made  to 
stand,  and  if  so  it  would  be  better  than  any  other.  He  did  not  think 
that  any  one  who  had  seen  what  had  been  done  at  Dowlais  would 
regard  the  attempt  as  having  failed;  the  lining  of  the  puddling 
vessel  was  at  present  the  only  failure ;  and  all  the  mechanical 
arrangements  appeared  very  good. 

Mr.  E.  W.  Richards  said  that  he  had  aJso  seen  the  experiments 
on  mechanical  puddling  while  in  progress  at  Dowlais,  and  thought 
the  process  was  remarkably  simple  as  there  carried  out ;  and  he 
fully  concurred  in  considering  the  results  thus  far  arrived  at  as  most 
satisfactory,  the  only  serious  difficulty  that  yet  remained  being  the 
lining  of  the  puddling  vessel. 
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Mr.  E.  Riley  said  lie  liad  seen  the  puddling  vessel  at  work  at 
Dowlais,  and  had  witnessed  many  of  the  experiments  with  different 
sorts  of  lining ;  and  he  thought  the  best  course  to  pursue  would  be 
to  endeavour  to  apply  the  same  material  that  was  found  to  stand 
best  as  the  lining  of  ordinary  puddhng  furnaces.  The  material 
found  most  durable  for  this  purpose  he  believed  was  what  was  known 
as  "best  tap  cinder"  from  the  balling  or  reheating  furnaces  with 
cast-iron  bottoms,  which  was  delivered  to  the  puddlers  for  fettling 
their  furnaces ;  it  was  found  so  satisfactory  that  it  would  no  doubt 
be  used  more  extensively  if  it  could  be  obtained  in  sufficient  quantity. 
The  best  chance  of  success  he  thought,  in  lining  the  revolving 
puddling  vessel,  would  be  to  run  this  material  into  moulds  like 
bricks,  of  suitable  shape  to  fit  the  vessel,  and  then  thoroughly 
anneal  it  by  coohng  it  very  slowly.  The  casting  of  the  material  in 
moulds  could  be  very  readily  done,  and  although  the  lining  would 
no  doubt  wear  away  very  rapidly  at  first,  he  concurred  in  thinking 
that  the  wear  would  only  continue  to  a  certain  extent,  and  that  the 
thickness  of  the  lining  would  thus  regulate  itself.  He  had  little 
doubt  that  the  titanic  ore,  referred  to  in  the  paper,  if  it  could  have 
been  cast  into  bricks  in  the  same  way,  would  have  answered  for 
the  lining  of  the  puddling  vessel ;  but  the  only  experiments  tried 
with  it  were  made  by  grinding  it  up  and  pressing  it  into  moulds  by 
hydraulic  pressure,  and  when  used  in  this  way  it  did  not  answer. 
He  suggested  also  that  a  trial  might  advantageously  be  made  with 
the  "best  tap  cinder"  mixed  with  some  of  the  titanic  ore,  or  with 
haematite  or  magnetic  oxide  of  iron  now  obtained  from  Sweden ; 
for  having  had  some  experience  in  the  use  of  a  material  of  that 
composition  for  fettling,  he  had  found  its  property  of  resisting  fire  to 
be  very  great. 

With  regard  to  regulating  the  heat  and  watching  the  process  of 
puddling,  he  thought  these  points  were  as  successfully  attained  in  the 
revolving  puddhng  vessel  as  in  an  ordinary  furnace.  The  real 
difficulty  at  present  was  the  lining  ;  and  when  that  had  been 
successfully  overcome,  any  further  points  could  then  be  considered 
that  might  require  attention. 
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Mr.  E.  Williams  observed,  with  regard  to  the  cinder  fettling 
which  had  been  referred  to,  that  he  used  a  large  quantity  of  that 
material  for  the  puddling  furnaces  at  Middlesbrough ;  and  one  of  the 
best  ways  of  making  it  was  found  to  be  by  mixing  with  the  cinder  a 
quantity  of  the  scale  from  the  shingling  hammers  and  roughing-down 
rolls,  and  even  a  few  scraps  of  bar  iron.  The  whole  was  then  melted 
down  in  a  very  hot  furnace,  and  run  into  blocks,  which  were  built 
against  the  sides  of  the  puddling  furnaces  as  needed.  He  had  also 
himself  constructed  ^in  experimental  puddling  vessel  similar  to  those 
at  Dowlais,  but  of  smaller  size,  G  feet  long  and  3  feet  diameter, 
which  he  had  succeeded  in  lining  with  this  "  iron  fettling  "  by  letting 
the  material  run  in  very  slowly,  keeping  the  vessel  revolving  gently. 
By  this  means  he  had  succeeded  in  getting  a  hning  2  inches  thick  all 
over  the  inside  of  the  vessel,  the  outside  being  kept  as  cold  as  possible 
during  the  time  by  a  stream  of  cold  water ;  and  he  hoped  to  continue 
the  experiments  with  this  lining.  One  point  of  importance  he 
considered  was  that  the  vessel  should  only  puddle  a  single  heat,  and 
should  then  be  allowed  to  cool  down  while  the  next  heat  was  worked 
in  another  vessel ;  and  he  thought  this  mode  of  working  would 
materially  increase  the  durability  of  the  lining.  It  was  decidedly 
preferable  he  behoved  to  run  the  melted  iron  into  the  puddling 
vessel,  as  had  been  done  at  Dowlais,  instead  of  melting  down  the 
charge  in  the  vessel ;  the  cost  of  melting  the  iron  in  a  separate 
furnace  was  less  than  in  the  puddling  vessel. 

The  Pkesident  enquired  how  far  the  destruction  of  the  lining 
had  been  found  practically  to  affect  the  quahty  of  the  iron  produced 
from  the  revolving  puddling  vessel,  as  compared  with  that  worked 
in  ordinary  puddling  furnaces. 

Mr.  Menelaus  replied  that  the  iron  was  so  much  impaired  in 
quality  as  to  be  not  marketable,  when  this  destruction  of  the  lining 
took  place  to  the  greatest  extent. 

Mr.  I.  L.  Bell  remarked  that  the  very  candid  admission  respecting 
the  quality  of  the  iron  produced  by  the  mechanical  puddling  led  him 
to  infer  that  there  were  other  conditions  to  be  considered,  besides  those 
of  a  mechanical  nature  ;  and  the  character  of  those  other  conditions 
might  be  illustrated  by  a  reference  to  another  manufacturing  process. 
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In  tlie  manufacture  of  soda,  where  the  object  was  by  application  of 

heat  to  convert  the  sulphate  of  soda  into  carbonate  of  soda,  the  main 

difficulty  was  to  ensure  the  perfect  decomposition  of  all  the  material ; 

but  if  this  were  not  completely  effected,  the  result  was  only  a  loss  to 

the  manufacturer,  by  interfering  with  the  available  produce  of  soda, 

whilst  the  quality  of  the  soda  actually  produced  was  not  deteriorated 

by  the  presence  of  small   quantities   of  the  original  raw  material 

remaining  undecomposed.     In  the  manufacture  of  iron,  on  the  other 

hand,  a  different  class  of  difficulties  had  to  be  encountered,  because 

the  presence  of  even  a  small  proportion  of  sulphur  or  phosphorus 

was   a  contamination  fatal  to  the   quality  of  the  metal,   and  the 

greatest  amount  of  skill  was  required  to  get  rid  of  these  ingredients. 

The  puddler  judged  from  the  appearance  of  the  metal  in  the  furnace 

what  variations  were  required  to  \)e  made  in  the  flame  by  regulating 

the  supply  of  air ;    but  so  much  was  this   still  a  mere  matter  of 

guesswork,  that  even  in  working  the  same  materials  nothing  was 

more    difficult   than  to   secure  the    same   uniform   quality  of  iron 

throughout ;  and  he  had  found  that  on  no  two  days  was  the  quality 

precisely  the    same,   notwithstanding   the   greatest    care  to  ensure 

uniformity  in  the  materials.    One  very  encouraging  feature  therefore 

of  the  trials  at  Dowlais  was  the  remarkable  uniformity  which  was 

stated  to  have  been  experienced  in  the  quality  of  the  iron  produced  ; 

and  although  the  iron  produced  was  not  satisfactory  at  present,  yet 

the  uniformity  in  the  quality  must  be  looked  upon  as  a  point  of  much 

importance,   because  it  might  fairly  be  expected   that,   when  the 

difficulties  which  now  beset  the  process  were  ultimately  overcome, 

means  would  thereby  be  arrived  at  of  producing  a  good  quality  of 

iron  with  more  complete  uniformity  than  was  possible  in  the  present 

condition  of  the  iron  manufacture.    Hitherto  attention  had  necessarily 

been  directed  mainly  to  difficulties  of  a  purely  mechanical  nature  ;  but 

he  thought  the  investigation  of  the  chemical  conditions  attending  the 

process  might  mth  advantage  be  considered  simultaneously.     With 

regard  to  the  construction  and  working  of  the  revolving  puddling 

vessel,  he  did  not  see  any  reason  why  the  control  of  the  operation 

should  not  be  quite  as  easy  in  this  case  as  in  an  ordinary  puddling 

furnace,  as  soon  as  means  were  demised  of  maintaining  the  vessel  in 

working  order. 
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Mr.  W.  E.  Newton  remarked  that,  although  the  history  of 
invention  was  for  the  most  part  a  history  of  failures,  it  was  by  no 
means  the  case  that  the  failures  were  so  generally  recorded  as  was 
desirable;  and  therefore  they  were  the  more  indebted  for  the 
complete  account  now  given  of  an  attempt  which  had  not  yet  issued 
in  complete  success ;  and  if  other  efforts  which  had  not  at  present 
proved  successful  were  recorded  in  an  equally  candid  spirit,  with 
the  particulars  of  the  difficulties  that  had  been  encountered,  less  time 
would  be  lost  in  blundering  a  second  time  over  ground  previously 
tried.  He  agreed  with  the  remarks  which  had  been  made  as  to  the 
importance  of  not  losing  sight  of  the  chemical  questions  affecting  the 
process  of  puddling,  and  thought  it  would  be  a  mistake  to  attend 
exclusively  to  the  mechanical  features  of  the  subject,  and  to 
endeavour  to  perform  the  whole  process  by  mechanical  means  alone ; 
and  he  mentioned  that  an  attempt  to  supersede  the  present  manual 
operation  of  puddling  was  now  being  made  at  Stalybridge,  by  means 
of  both  chemical  and  mechanical  agencies  in  combination,  and  the 
experiments  had  been  attended  with  partial  though  not  complete 
success.  As  the  object  of  the  puddler's  labour  in  stirring  the  metal 
in  the  fui'nace  was  to  expose  all  portions  of  it  to  the  action  of  the 
air,  in  order  to  effect  the  oxidation  or  decarbonisation  of  the  original 
pig  metal  for  converting  it  into  wrought  iron,  there  seemed  no  reason 
why  this  might  not  be  accomplished  by  adopting  Mr.  Bessemer's 
system  of  forcing  air  from  below  through  a  mass  of  melted  metal ; 
and  Mr.  Siemens  having  devised  the  means  of  generating  a  supply  of 
gas  to  be  used  in  place  of  raw  fuel,  he  suggested  that  a  reducing 
gas  might  be  introduced  below  the  surface  of  the  melted  iron,  while 
an  oxidising  flame  was  made  to  play  upon  the  surface.  By  this 
means  the  process  would  be  brought  under  complete  control,  and  the 
puddler's  labour  would  be  greatly  abridged. 

Mr.  Mexelaus  observed  that,  although  mechanical  puddling  was 
the  subject  of  the  paper,  and  the  mechanical  part  of  the  question 
had  alone  been  dwelt  upon,  the  chemistry  of  the  subject  had  not  been 
neglected,  and  this  had  been  under  the  able  supervision  of  Mr.  Child, 
the  chemist  of  the  Dowlais  Iron  Works.  The  practical  difficulty 
however    which    at   present   interfered    with    the    success    of    the 
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experiments  was  in  Ms  opinion  almost  entirely  of  a  mechanical  nature, 
namely  the  lining  of  the  puddling  vessel;  and  it  was  this  point  which 
had  specially  occupied  his  own  attention.  It  was  right  to  state  that 
he  had  had  the  valuable  aid  for  a  time  of  Mr.  E.  Williams,  and  also 
the  help  of  the  best  practical  puddlers  at  the  Dowlais  Works  during 
the  experiments.  The  remarkable  uniformity  obtained  in  the  quality 
of  the  iron  puddled  in  the  revolving  vessel  he  considered  was  to  be 
attributed  to  the  fact  that  a  machine  was  neither  lazy  nor  dishonest ; 
and  therefore  the  same  amount  of  work  was  always  put  into  the 
metal,  and  the  result  was  perfectly  uniform.  In  hand  puddling 
on  the  contrary  it  was  often  found  that  portions  of  badly  puddled 
iron  had  been  wrapped  up  in  the  ball  by  the  puddler ;  and  there 
were  great  variations  in  the  quality  of  the  iron  produced. 

Mr.  W.  Clay  mentioned  that  graphite,  which  was  nearly  pure 
carbon,  would  stand  a  remarkable  degree  of  heat  and  resist  a 
great  amount  of  wear  and  tear,  and  he  had  found  it  last  for  the 
sides  of  puddling  furnaces  much  longer  than  either  red  ore  or  the 
best  tap  cinder.  Another  material  that  he  had  used  with  success, 
which  had  not  the  objection  of  re-dosing  the  iron  with  carbon,  was 
a  mixture  of  the  graphite  with  iron  ore.  In  France  he  believed  a 
mixture  of  ground  coke  and  tar  was  sometimes  used  for  making  the 
bottoms  of  puddling  furnaces  ;  he  had  himself  tried  it  in  one  of 
Mr.  Siemens'  regenerative  puddling  furnaces  working  spiegel-eisen, 
and  the  furnace  was  worked  continuously  for  nearly  a  month  under 
a  great  heat,  without  the  bottom  requiring  renewal.  He  enquired 
whether  any  of  these  materials  had  been  tried  for  lining  the  puddling 
vessel  in  the  experiments  at  Dowlais. 

Mr.  Menelaus  rephed  that  he  had  not  tried  graphite  for  lining 
the  puddling  vessel ;  he  had  tried  ground  coke  and  tar,  but  with  only 
very  partial  success,  and  had  therefore  abandoned  the  idea  of  looking 
any  further  in  that  direction.  The  experiments  he  feared  had 
exhausted  almost  every  material  that  appeared  likely  to  succeed ; 
but  now  that  general  attention  was  directed  to  the  subject  he  hoped 
something  might  ultimately  be  devised  which  would  answer  the 
required  purpose. 


MECHANICAL    PUDDLING.  *  169 

Mr.  C.  CocnRAXE  enquired  whether  any  objection  was  found  in 
practice  from  the  heat  that  would  issue  at  the  open  mouth  of  the 
firebox,  when  the  puddhng  vessel  was  removed  from  the  driving 
machinery  on  the  completion  of  working  a  charge. 

Mr.  Menelaus  explained  that  no  difficulty  was  experienced  in  that 
respect,  because  the  only  draught  upon  the  fire  was  that  produced 
through  the  puddling  vessel  and  the  fluebox  by  the  chimney  which 
created  the  draught  ;  and  as  there  was  no  longer  any  draught  upon 
the  fire  when  the  puddling  vessel  was  removed,  no  emission  of  flame 
took  place  at  that  time  from  the  open  mouth  of  the  firebox  ;  and  no 
inconvenience  was  experienced  from  the  heat  in  standing  within  two 
or  three  feet  of  the  open  firebox  mouth. 

The  PRESIDENT  enquired  whether  the  balls  produced  from  the 
puddling  vessel  were  hammered  or  squeezed ;  and  he  asked  what  was 
the  object  of  the  unsymmetrical  form  given  to  the  two  ends  of  the 
vessel,  as  shown  in  the  drawing. 

Mr.  Menelaus  said  that  the  balls  produced  from  the  puddling 
vessel  were  all  hammered  under  the  steam  hammer  in  the  forge.  In 
the  original  experimental  puddling  vessel  the  two  ends  were  made 
symmetrical  (as  shown  by  the  dotted  lines  in  Fig.  6)  ;  but  the 
subsequent  vessels  had  been,  made  with  unsymmetrical  ends,  having 
a  bulge  at  each  end,  for  the  purpose  of  gi\'ing  the  fluid  iron  an  end 
motion  during  the  rotation  of  the  vessel,  with  the  idea  of  ensuring  a 
more  thorough  working  of  the  ii'on.  Experience  had  shown  however 
that  this  was  not  necessary  in  practice,  and  that  the  original  shape 
with  symmetrical  ends  was  preferable  ;  and  it  had  the  advantage  of 
being  simpler  for  construction  and  lining,  as  the  transverse  section 
was  then  a  true  circle  in  all  parts. 

Mr.  W.  E.  Newton  mentioned  that  a  plan  of  horizontal  puddling 
furnace  had  been  proposed,  having  a  revolving  bottom  carried  upon 
an  axis  slightly  inclined  to  the  vertical,  so  as  to  convert  the  rotary 
movement  into  something  hke  a  rocking  motion  of  the  furnace 
bottom,  in  order  to  make  the  ball  roll  about  during  the  puddling.  He 
enquired  whether  any  attempts  had  been  made  at  Dowlais  to  employ 
a  rocking  motion,  instead  of  the  rotary  motion  of  the  revohang 
puddling  vessel. 

a2 
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Mr.  Menelaus  replied  that  lie  had  not  tried  a  rocking  motion, 
except  so  far  as  that  sort  of  movement  was  produced  by  the 
nnsymmetrical  ends  of  the  revolving  puddling  vessel  ;  but  he 
found  the  simple  rotary  motion  produced  quite  sufficient  effect  in 
working  the  iron  in  the  vessel,  and  he  considered  this  plan  was 
most  likely  to  prove  ultimately  successful.  In  the  first  experiments 
he  had  also  tried  reversing  the  motion  of  the  puddling  vessel  about 
every  two  minutes,  making  a  dozen  revolutions  in  one  direction, 
and  then  a  dozen  back  again ;  but  this  was  not  found  to  be  any 
improvement  over  the  simpler  plan  of  driving  the  vessel  continuously 
in  the  same  direction. 

The  Peesident  enquired  what  had  been  the  practical  success  up 
to  the  present  time  in  the  working  of  the  other  methods  which  had 
been  tried  for  effecting  mechanical  puddling,  without  having  recourse 
to  a  rotary  motion. 

Mr.  Menelaus  replied  that  the  machine  invented  in  France  some 
years  ago  for  working  the  ordinary  puddling  tool  or  rabble  in  the 
ordinary  furnaces  had  been  introduced  into  England,  and  applied  by 
Mr.  Bennett  to  the  puddling  furnaces  at  the  Wombridge  Iron  Works, 
Shropshire,  as  described  by  him  at  a  former  meeting  of  the  Institution 
(see  Proceedings  Inst.  M.  E.  1864,  page  298)  ;  and  great  credit  was 
due  to  Mr.  Bennett  for  the  ingenuity  he  had  displayed  in  simplifying 
and  improving  the  machinery.  The  plan  however  had  not  been 
taken  up  extensively  elsewhere.  The  object  in  that  case  was  to  do 
away  with  the  severe  labour  of  puddling,  by  performing  the  rabbling 
action  by  mechanical  means,  leaving  the  puddler  to  exercise  only  his 
skill  in  controUiag  the  operation  ;  and  he  believed  the  plan  was  a 
great  success  as  far  as  it  went,  but  he  thought  it  did  not  go  far 
enough,  as  it  did  not  ball  up  the  iron  at  the  completion  of  the 
puddling.  His  own  object  was  to  do  away  with  the  puddler 's 
labour  altogether,  so  as  to  enable  one  skilled  workman  to  manage 
three  or  four  furnaces  simultaneously.  Where  great  skill  and  great 
bodily  labour  were  required  in  combination,  high  wages  were 
inevitable ;  and  unless  some  scheme  could  be  devised  for  doing  away 
with  the  hard  work  in  puddling,  he  did  not  know  where  men  enough 
would  be  got  to  perform  the  work,  or  how  the  manufacture  of  iron 
would  ultimately  be  carried  on. 
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Mr.  E.  Riley  mentioned  that  there  was  also  another  machine  by 
Mr.  Griffiths  of  Derby,  for  working  the  ordinary  puddler's  rabble, 
which  had  been  employed  at  the  Milton  and  Elsecar  Iron  Works 
near  Barnsley  ;  but  at  these  works  he  understood  the  machines 
had  not  found  favour  with  the  men,  and  when  it  was  at  length  left 
to  the  option  of  the  men  whether  the  machines  should  be  used  or 
not,  they  had  preferred  not  to  use  them,  except  for  working  grey 
iron,  which  involved  the  severest  labour  in  puddling.  At  the  Tow 
Law  Iron  Works  near  Darlington  another  description  of  puddling 
machine  for  the  same  object  had  been  tried,  and  the  men  had  the 
option  of  using  it,  but  seldom  did  so. 

Mr.  E.  Williams  remarked  that  even  if  only  the  rabbling  of  the 
metal  in  the  ordinary  puddling  furnace  were  done  by  machinery, 
that  would  be  an  important  advantage ;  for  the  greatest  skill  and 
labour  of  the  puddler  were  required  when  the  balling  up  commenced, 
at  which  time  in  the  ordinary  process  his  strength  was  nearly 
exhausted  by  the  previous  puddhng. 

Mr.  F.  W.  Webb  mentioned  that  he  was  working  at  Bolton  one 
of  Mr.  Siemens'  regenerative  puddling  furnaces ;  and  although  the 
puddling  was  still  done  by  manual  power,  there  was  a  considerable 
saving  of  labour  to  the  men,  as  shown  by  the  fact  that  three  shifts 
of  8  hours  each  were  made  every  24  hours,  each  shift  consisting  of 
six  heats,  and  each  heat  taking  on  an  average  70  minutes ;  whereas 
in  the  old  furnaces  two  shifts  of  12  hours  each  per  24  hours  were 
about  the  average,  each  shift  consisting  of  six  heats.  The  great 
advantage  of  the  regenerative  furnace  for  puddling  was  that  it  gave 
the  means  of  obtaining  any  temperature  or  flame  that  was  wanted, 
and  was  most  perfectly  under  control ;  and  it  effected  a  considerable 
saving  in  fuel. 

Mr.  W.  M.  Neilson  observed  that  the  plan  of  mechanical  puddling 
described  in  the  paper  was  evidently  not  the  result  merely  of  a  lucky 
idea,  but  had  been  carefully  worked  out  by  Mr.  Menelaus  under  the 
pressure  of  necessity,  in  the  long  series  of  experiments  of  which  he 
had  now  given  them  the  particulars  ;  and  although  he  had  not  yet 
completely  succeeded  in  the  object  aimed  at,  they  were  equally  indebted 
to  him  for  his  labours,  and  could  well  understand  how  great  his 
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exertions  had  been.  At  the  present  time  it  was  indeed  discreditable 
to  so  splendid  a  manufacture  as  that  of  iron,  that  it  was  dependent 
upon  the  class  of  labour  which  was  required  in  puddling ;  but  now 
that  so  much  attention  was  being  directed  to  this  subject,  he  trusted 
this  particular  department  of  the  iron  manufacture  would  not  long 
continue  in  its  present  state ;  and  he  was  sure  the  further  efforts  of 
Mr.  Menelaus  in  the  direction  of  mechanical  puddling  would  be 
watched  with  the  liveliest  interest. 

The  President  considered  they  were  greatly  indebted  to 
Islr.  Menelaus  for  the  perseverance  and  talent  he  had  displayed 
in  striving  to  carry  out  the  system  of  mechanical  puddling  now 
described ;  and  hoped  he  would  not  relax  his  efforts  in  endeavouring 
to  attain  the  important  object  in  view.  There  was  no  heavier  kind 
of  work  than  that  of  the  puddler,  for  which  consequently  it  was 
necessary  to  pay  very  dearly ;  and  it  was  therefore  highly  desirable 
to  lessen  the  amount  of  that  labour,  and  leave  the  puddler  to  look  on 
and  exercise  his  skill  only  in  the  control  of  the  process. 

He  moved  a  vote  of  thanks  to  Mr.  Menelaus  for  his  paper,  which 
was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day. 
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The  Adjourned  Meeting  of  the  Members  was  held  in  the  Lecture 
Theatre  of  the  Conservatoire  Imperial  des  Arts  et  Metiers,  Paris,  on 
Thursday,  6th  June,  1867 ;  John  Penn,  Esq.,  President,  in  the  Chair. 


The  following  paper  was  read  :- 


b2 
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ON  THE  MACHINERY  FOR  BORING  ARTESIAN  WELLS. 


By  M.  DRU,  of  Paris. 


The  Artesian  Wells  at  present  sunk  in  tlie  tertiary  formation  of 
tlie  Paris  basin,  Fig.  34,  Plate  47,  range  in  size  generally  from  about 
8  inches  down  to  2  incbes  diameter,  witb  a  depth  of  about  230  to 
350  feet.  The  bore-hole  is  usually  lined  with  copper,  in  order  to  make 
the  wells  water-tight  and  bring  the  water  to  the  surface  without  loss. 
These  works  often  present  considerable  difficulties  in  their  execution, 
from  the  frequent  changes  in  the  nature  of  the  ground  passed 
through,  and  from  the  impediments  that  are  so  often  encountered  in 
driving  the  tubes  through  the  beds  of  sand  and  clay. 

Borings  of  a  much  greater  depth  and  larger  size  are  now  in 
process  of  execution  in  Paris,  for  the  purpose  of  bringing  to  the 
surface  a  large  supply  of  the  artesian  waters  from  the  lower  green 
sand  underlying  the  chalk  in  the  secondary  formation ;  the  existence 
of  a  supply  of  water  in  that  stratum  has  already  been  proved  by  the 
well  sunk  at  Grenelle  of  3|  inches  diameter,  which  was  finished  in 
1841,  and  the  subsequent  one  of  27|  inches  diameter  sunk  at  Passy, 
and  finished  in  1861.  Each  of  these  two  artesian  wells  required 
6  or  7  years'  work  for  its  completion;  their  situation  in  Paris  is 
shown  in  the  plan,  Fig.  36,  Plate  49. 

A  large  artesian  well  is  now  being  constructed  by  the  writer  at 
Butte^aux-Cailles,  Fig.  36,  for  the  supply  of  the  city  of  Paris,  which 
is  intended  to  be  carried  down  through  the  green  sand  to  a  depth  of 
2600  or  2900  feet  to  reach  the  Portland  limestone.  The  boring  is  at 
present  490  feet  deep,  and  its  diameter  is  as  large  as  47  inches. 

During  the  last  2^  years  the  writer  has  also  been  sinking  a  similar 
well  of  19  inches  diameter  for  supplying  the  Sugar  Refinery  of  M.  Say, 
in  Paris,  Fig.  36  ;  this  well  is  now  1570  feet  deep.  Fig.  39,  and  it  is 
expected  that  the  water-bearing  strata  will  be  reached  at  a  depth  of 
about  1800  feet. 
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For  the  smallei'  wells,  hand-boring  tools  are  in  use  ;  but  these  are 
limited  to  borings  of  inconsiderable  depth  and  small  diameter.  For 
borings  of  the  diameter  of  these  large  wells,  it  is  necessary  to 
make  use  of  special  tools,  worked  entirely  by  steam  power ;  and  in 
some  cases  of  sinking  mine  shafts,  tools  of  as  large  a  diameter  as 
14 J  feet  have  been  used.  The  boring  is  effected  by  a  rotary 
motion  in  the  case  of  the  small  diameters  ;  but  in  borings  of  a  large 
diameter  and  considerable  depth,  percussive  action  alone  is  employed, 
which  is  effected  by  raising  the  tool  and  letting  it  fall  with  successive 
strokes. 

The  apparatus  employed  by  the  writer  in  boring  the  large  wells 
that  have  been  mentioned  is  shoAvn  in  Figs.  1  and  2,  Plates  39  and  40. 
The  boring  rod  A  is  suspended  from  the  outer  end  of  the  working 
beam  B,  which  is  made  of  timber  hooped  with,  iron,  working  upon  a 
middle  bearing,  and  is  connected  at  the  inner  end  to  the  vertical 
steam  cylinder  C  of  10  inches  diameter  and  39  inches  stroke.  The 
stroke  of  the  boring  rod  is  reduced  to  22  inches,  by  the  inner  end  of 
the  beam  being  made  longer  than  the  outer  end,  serving  as  a  partial 
counterbalance  for  the  weight  of  the  boring  rod.  The  steam  cylinder 
is  shown  enlarged  in  Fig.  3,  and  is  single-acting,  being  used  only  to 
lift  the  boring  rod  at  each  stroke,  and  the  rod  is  lowered  again  by 
releasing  the  steam  from  the  top  side  of  the  piston ;  the  stroke  is 
limited  by  timber  stops  both  below  and  above  the  end  of  the  working 
beam  B. 

The  Boring  Tool  is  the  part  of  most  importance  in  the 
apparatus,  and  the  one  that  has  involved  most  difficulty  in  maturing 
its  construction.  The  points  to  be  aimed  at  in  this  are, — simplicity  of 
construction  and  repairs, — the  greatest  force  of  blow  possible  for 
each  unit  of  striking  surface, — and  freedom  from  liability  to  get 
turned  aside  and  choked. 

The  tool  used  in  small  borings  is  a  single  chisel,  as  shown  in 
Figs.  21  and  22,  Plate  44 ;  but  for  the  large  borings  it  is  found  best 
to  divide  the  tool-face  into  separate  chisels,  each  of  convenient  size 
and  weight  for  forging.  All  the  chisels  however  are  kept  in  a  straight 
line,  whereby  the  extent  of  striking  surface  is  reduced ;  and  the  tool 
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is  rendered  less  liable  to  be  turned  aside  by  meeting  a  hard  portion  of 
flint  on  a  single  point  of  the  striking  edge,  which  would  diminish 
the  effect  of  the  blow. 

The  tool  is  shown  in  Figs.  23  to  29,  Plates  44  and  45  ;  and  is 
composed  of  a  wrought-iron  body  D,  connected  by  a  screwed  end  E 
to  the  boring  rod,  and  carrying  the  chisels  F  F  fixed  in  separate 
sockets  and  secured  by  nuts  above  ;  two  or  four  chisels  are  used,  or 
sometimes  even  a  greater  number,  according  to  the  size  of  the  hole 
to  be  bored.  This  construction  allow^s  of  any  broken  chisel  being 
easily  replaced  ;  and  also  by  changing  the  breadth  of  the  two  outer 
chisels,  the  diameter  of  the  hole  bored  can  be  regulated  exactly  as 
may  be  desired.  When  four  chisels  are  used,  the  two  centre  ones  are 
made  a  little  longer  than  the  others,  as  shown  in  Fig.  27,  to  form  a 
leading  hole  as  a  guide  to  the  boring  tool.  A  crossbar  G,  of  the 
same  width  as  the  tool,  guides  it  in  the  hole  in  the  direction  at  right 
angles  to  the  tool ;  and  in  the  case  of  the  larger  and  longer  tools  a 
second  crossbar  is  also  added  higher  up,  at  right  angles  to  the  first 
and  parallel  to  the  striking  edge  of  the  tool. 

If  the  whole  length  of  the  boring  rod  were  allowed  to  fall  suddenly 
to  the  bottom  of  a  large  bore-hole  at  each  stroke,  frequent  breakages 
would  occur  ;  it  is  therefore  found  requisite  to  arrange  for  the  tool  to 
be  detached  from  the  boring  rod  at  a  fixed  point  in  each  stroke,  and 
this  has  led  to  the  general  adoption  of  free-falling  tools.  There  have 
been  several  contrivances  for  effecting  this  object,  and  the  writer's 
plan  of  self-acting  free-falling  tool,  liberated  by  reaction,  is  shown 
in  side  and  front  view  in  Figs.  12  and  13,  Plate  42.  The  hook  H, 
attached  to  the  head  of  the  boring  tool  D,  slides  vertically,  in  the 
box  K,  which  is  screwed  to  the  lower  extremity  of  the  boring  rod;  and 
the  hook  engages  with  the  catch  J  centred  in  the  sides  of  the  box  K, 
whereby  the  tool  is  lifted  as  the  boring  rod  rises.  The  tail  of  the 
catch  J  bears  against  an  inclined  plane  L  at  the  top  of  the  box  K, 
and  the  two  holes  carrying  the  centre  pin  I  of  the  catch  are  made 
oval  in  the  vertical  direction  so  as  to  allow  a  slight  vertical  movement 
of  the  catch.  When  the  boring  rod  reaches  the  top  of  the  stroke, 
it    is    stopped    suddenly  by  the    tail    end    of  the  beam  B,  Fig.  2, 
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striking  upon  the  wood  buffer-block  E ;  and  the  shock  thus 
occasioned  causes  a  slight  jump  of  the  catch  J  in  the  box  K ;  the 
tail  of  the  catch  is  thereby  thrown  outwards  by  the  incline  L,  as 
shown  in  Fig.  14,  Hberating  the  hook  H,  and  the  tool  then  falls  freely 
to  the  bottom  of  the  bore-hole,  as  shown  in  Fig.  15.  When  the 
boring  rod  descends  again  after  the  tool,  the  catch  J  again  engages 
with  the  hook  H,  enabling  the  tool  to  be  raised  for  the  next  blow,  as 
in  Fig.  13. 

Another  construction  of  self-acting  free-falling  tool,  liberated  by 
a  separate  disengaging-rod,  is  shown  in  side  and  front  view  in  Figs. 
16  and  17,  Plate  43.  This  tool  consists  of  four  principal  pieces,  the 
hook  H,  the  catch  J,  the  paul  I,  and  the  disengaging-rod  M.  The 
hook  H,  carrying  the  boring  tool  D,  slides  between  the  two  vertical 
sides  of  the  box  K,  which  is  screwed  to  the  bottom  of  the  boring  rod ; 
and  the  catch  J  works  in  the  same  space  upon  a  centre  pin  fixed  in 
the  box,  so  that  the  tool  is  carried  by  the  rod,  when  hooked  on  the 
catch,  as  shown  in  Fig.  1 7.  At  the  same  time  the  paul  I  at  the  back 
of  the  catch  J  secures  it  from  getting  unhooked  from  the  tool ;  but 
this  paul  is  centred  in  a  separate  sliding  hoop  IST  forming  the  top  of 
the  disengaging-rod  M,  which  slides  freely  up  and  down,  within  a 
fixed  distance  upon  the  box  K ;  and  in  its  lowest  position  the  hoop  IST 
rests  upon  the  upper  of  the  two  guides  P  P,  Fig.  16,  through  which 
the  disengaging-rod  M  slides  outside  the  box  K.  In  lowering  the 
boring  rod,  the  disengaging-rod  M  reaches  the  bottom  of  the  bore-hole 
first,  as  shown  in  Figs.  16  and  17,  and  being  then  stopped,  it  prevents 
the  paul  I  from  descending  any  low^er ;  and  the  inclined  back  of  the 
catch  J  shding  down  past  the  paul,  the  latter  forces  the  catch  out  of 
the  hook  H,  as  shown  in  Fig.  18,  thus  allowing  the  tool  D  to  fall 
freely  and  strike  its  blow.  The  height  of  fall  of  the  tool  is  always  the 
same,  being  determined  only  by  the  length  of  the  disengaging-rod  M. 

The  blow  having  been  struck,  and  the  boring  rod  continuing  to 
be  lowered  to  the  bottom  of  the  hole,  the  catch  J  falls  back  into  its 
original  position,  and  engages  again  with  the  hook  H,  as  shown  in 
Fig.  19,  ready  for  Kfting  the  tool  in  the  next  stroke.  As  the  boring 
rod  rises,  the  tail  of  the  catch  J  trips  up  the  paul  I  in  passing,  as 
shown  in  Fig.  20,  allowing  the  catch  to  pass  freely ;  and  the  paul 
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before  it  begins  to  be  lifted  returns  to  tbe  original  position  sboAvn  in 
Fig.  17,  wliere  it  locks  tlie  catch  J,  and  prevents  any  risk  of  its 
becoming  nnliooked  either  in  raising  or  lowering  the  tool  in  the  well. 
The  boring  tool  shown  in  Figs.  23  to  25,  Plate  44,  which  is 
employed  in  boring  the  well  of  19  inches  diameter  at  the  Sugar 
Refinery,  weighs  f  ton  and  is  liberated  by  reaction,  by  the  arrangement 
shown  in  Plate  42  ;  and  the  same  mode  of  liberation  was  applied  in 
the  first  instance  to  the  larger  tool  shown  in  Plate  45,  employed  in 
sinking  the  well  of  47  inches  diameter  at  Butte-aux-Cailles.  The 
great  weight  of  the  latter  tool  however,  amounting  to  as  much  as 
3 1  tons,  necessitated  so  violent  a  shock  for  the  purpose  of  hberating  the 
tool  by  reaction,  that  the  boring  rods  and  the  rest  of  the  apparatus 
would  have  been  damaged  by  a  continuance  of  that  mode  of  working ; 
and  the  writer  was  therefore  led  to  design  the  arrangement  of 
disengaging-rod  for  releasing  the  tool,  as  shown  in  Plate  43.  This 
mode  of  liberation  is  consequently  the  one  now  in  use  at  Butte-aux- 
Cailles,  where  it  has  proved  completely  successful  in  practical  working. 
In  this  case  the  cross  guide  G  fixed  upon  the  tool  is  made  with  an  eye 
for  the  disengaging-rod  M  to  work  through  freely,  as  shown  in  Figs. 
26  and  28.  For  borings  of  small  diameter  however  the  disengaging- 
rod  cannot  supersede  the  reaction  system  of  liberation,  as  the  latter 
alone  is  able  to  work  in  borings  as  small  as  3j  inches  diameter ;  and 
a  bore-hole  no  larger  than  this  diameter  has  been  successfully 
completed  by  the  writer  with  the  reaction  tool  to  a  depth  of  750  feet. 

The  boring  rods  employed  are  of  two  kinds,  wrought-iron  and 
wood.  The  wood  rods,  shown  in  Figs.  2  and  4,  are  used  for  borings 
of  large  diameter,  as  they  possess  the  advantage  of  having  a  larger 
section  for  stiffness  without  increasing  the  weight ;  and  also  when 
immersed  in  water  the  greater  portion  of  their  weight  is  floated. 
The  wood  for  the  rods  requires  to  be  carefully  selected,  and  care  has 
to  be  taken  to  choose  the  timber  from  the  thick  part  of  the  tree,  and 
not  the  toppings  ;  in  France,  Lorraine  or  Vosges  deals  are  preferred. 

The  boring  rods,  whether  of  wood  or  iron,  are  screwed  together 
either  by  solid  sockets,  as  in  Fig.  6,  Plate  41,  or  with  separate  collars, 
as  in  Fig.  7.     The  separate  collars  are  preferred  for  the  purpose,  on 


lUJlUXU    ARTESIAN    WELLS.  179 

account  of  being  easier  to  forge  ;  and  also  because,  as  only  one-lialf  of 
the  collar  works  in  coupling  and  uncoupling  the  rods,  while  the  other 
half  is  fixed,  the  screw  thread  becomes  worn  only  at  one  end,  and  by 
changing  the  collar  end  for  end  a  new  thread  is  obtained  when  one 
is  worn  out,  the  worn  end  being  then  jammed  fast  as  the  fixed  end 
of  the  collar. 

The  boring  rod  is  guided  in  the  lower  part  of  the  hole  by  a 
lantern  R,  Fig.  2,  shown  to  a  larger  scale  in  Figs.  4  and  5,  which 
consists  of  four  vertical  iron  bars  curved  in  at  both  ends,  where  they 
are  secured  by  moveable  sockets  upon  the  boring  rod,  and  fixed  by  a 
nut  at  the  top.  By  changing  the  bars  the  size  of  the  lantern  is 
readily  adjusted  to  any  required  diameter  of  bore-hole,  as  indicated 
by  the  dotted  lines.  In  raising  up  or  letting  down  the  boring  rod, 
two  lengths  of  about  30  feet  each  are  detached  or  added  at  once,  and 
a  few  shorter  rods  of  different  lengths  are  used  to  make  up  the  exact 
length  required.  The  coupling  screw  S,  Fig.  2,  by  which  the  boring 
rod  is  connected  to  the  working  beam  B,  serves  to  complete  the 
adjustment  of  length ;  this  is  turned  by  a  cross  bar,  and  then  secured 
by  a  cross  pin  through  the  screw. 

In  ordinary  work,  breakages  of  the  boring  rod  generally  take 
place  in  the  iron,  and  more  particularly  at  the  part  screwed,  as  that 
is  the  weakest  part.  In  the  case  of  breakages,  the  tools  usually 
employed  for  picking  up  the  broken  ends  are  a  conical  screwed 
socket,  shown  in  Fig.  9,  Plate  41,  and  a  claw,  shown  in  Fig.  8. 
Tools  with  nippers  are  sometimes  used  in  large  borings,  as  it  is  not 
advisable  to  subject  the  rods  to  a  twist. 

When  the  boring  tool  has  detached  a  sufficient  quantity  of 
material,  the  boring  rod  and  tool  are  drawn  up  by  means  of  the  rope 
O,  Fig.  1,  Plate  39,  winding  upon  the  drum  Q,  which  is  driven  by 
straps  and  gearing  from  the  steam  engine  T.  A  scoop  is  then 
lowered  into  tiie  bore-hole  by  the  wire  rope  U  from  the  other  drum 
V,  and  is  afterwards  drawn  up  again  with  the  excavated  material. 
A  friction  break  is  applied  to  the  drum  Q,  for  regulating  the  rate  of 
lowering  the  boring  rod  down  the  well.  The  scoop,  shown  in  Figs. 
31  and  32,  Plate  46,  consists  of  a  rivetted  iron  cylinder,  with  a  handle 
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at  tlie  top  which  can  either  be  screwed  to  the  boring  rod  or  attached 
to  the  wire  rope ;  and  the  bottom  is  closed  by  a  large  valve  opening 
inwards.  Two  different  forms  of  valve  are  used,  either  a  pair  of 
flap  valves,  as  shown  in  Fig.  31,  or  a  single  cone  valve.  Fig.  32 ;  and 
the  bottom  ring  of  the  cylinder,  forming  the  seating  of  the  valve,  is 
forged  solid  and  steeled  on  the  lower  edge.  On  lowering  this  cylinder 
to  the  bottom  of  the  bore-hole,  the  valve  opens  and  the  loose  material 
enters  the  cylinder,  where  it  is  retained  by  the  closing  of  the  valve, 
whilst  the  scoop  is  drawn  up  again  to  the  surface.  In  boring  through 
chalk,  as  in  the  case  of  the  deep  wells  in  the  Paris  basin.  Fig,  34, 
Plate  47,  the  hole  is  first  made  of  about  half  the  final  diameter  for 
60  to  90  feet  depth,  and  it  is  then  enlarged  to  the  full  diameter  by 
using  a  larger  tool.  This  is  done  for  convenience  of  working,  for  if 
the  whole  area  were  acted  upon  at  once,  it  would  involve  crushing  all 
the  flints  in  the  chalk ;  but  by  putting  a  scoop  in  the  advanced  hole, 
the  flints  that  are  detached  during  the  working  of  the  second  larger 
tool  are  received  in  the  scoop  and  removed  by  it,  without  getting 
broken  by  the  tool. 

The  resistance  experienced  in  boring  through  different  strata  is 
very  various,  and  some  rocks  passed  through  are  so  hard  that  with 
12,000  blows  per  day  of  a  boring  tool  weighing  nearly  10  cwts.,  with 
19  inches  height  of  fall,  the  bore-hole  was  advanced  only  3  to  4 
inches  per  day.  As  the  opposite  case,  strata  of  running  sand  have 
been  met  wdth  so  wet  that  a  slight  movement  of  the  rod  at  the  bottom 
of  the  hole  was  sufficient  to  make  the  sand  rise  30  to  40  feet  in  the 
bore-hole.  In  these  cases  the  writer  has  adopted  the  Chinese  method 
of  effecting  a  speedy  clearance,  by  means  of  a  scoop  closed  by  a  large 
ball  clack  at  the  bottom,  as  shown  in  Fig.  30,  Plate  46,  and  suspended 
by  a  rope,  to  which  a  vertical  movement  is  given;  each  time  the  scoop 
falls  upon  the  sand  a  portion  of  this  is  forced  up  into  the  scoop,  and 
retained  there  by  the  ball  valve. 

An  artesian  well  is  always  some  time  in  settling  down  to  its 
permanent  working  state,  generally  one  or  two  months ;  and  when 
the  water  first  reaches  the  surface  it  undergoes  considerable 
fluctuations,  being  charged  from  time  to  time  with  the  substances  at 
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the  bottom  of  the  bore-hole.  In  the  Grenelle  well  there  were 
fluctuations  at  starting  of  300  feet  in  the  height  of  the  water.  The 
velocity  of  the  flow^  of  water  from  the  artesian  wells  varies 
considerably,  and  the  following  are  some  examples  of  the  delivery  at 
the  surface  by  those  already  completed  in  the  Paris  basin : — 


Depth 

Diameter 

Gallons 

'■ 

Velocil 

of  Bore-hole. 

of  Bore-hole. 

delivered 

of 

discha 

Feet. 

Inches. 

per  minute. 

Feet  per  s( 

St.  Denis,  H6tel  Dieu 

262 

2-28 

28 

2-68 

Gennevilliers 

312 

2-28 

31 

2-89 

Stains 

266 

2-95 

176 

9-87 

Elbeuf 

492 

2-95 

66 

3-71 

Paris,  Grenelle 

1795 

3-74 

484 

1663 

„      Passy 

1923 

27-56 

1980 

1-64 

The  localities  of  these  wells  are  shown  in  the  plans,  Figs.  35  and 
36,  Plates  48  and  49 ;  and  Fig.  34,  Plate  47,  is  a  geological  section 
passing  through  the  Paris  basin,  taken  along  the  course  of  the  dotted 
line  in  Fig.  35  from  Niort  to  Verdun.  Sections  of  the  strata  bored 
through  in  the  wells  at  Passy  and  Grenelle  are  shown  in  Figs.  37 
and  38,  Plate  49 ;  and  Fig.  39  is  the  section  in  the  boring  now  in 
progress  at  the  Sugar  Refinery,  In  the  case  of  the  artesian  well  at 
Grenelle,  the  water  is  carried  up  to  a  height  of  128  feet  above  the 
ground  by  a  stand-pipe  of  3*74  inches  bore,  from  the  top  of  which  the 
water  overflows  at  the  rate  of  100  gallons  per  minute  with  a  velocity 
of  3 '94  feet  per  second. 

Borings  of  large  diameter  for  mines  or  other  shafts  are  also 
sunk  by  means  of  the  same  description  of  boring  tools,  only 
considerably  increased  in  size,  extending  up  to  as  much  as  14  feet 
diameter.  The  well  is  then  lined  with  cast-iron  or  wrought-iron 
tubing,  for  the  purpose  of  making  it  water-tight ;  and  a  special 
contrivance  invented  by  M.  Kind  has  been  adopted  for  making  a 
water-tight  joint  between  the  tubing  and  the  bottom  of  the  well,  or 
with  another  portion  of  tubing  previously  lowered  down.  This  is 
done  by  a  stufiing-box,  shown  in  Fig.  33,  Plate  46,  which  contains  a 
packing  of  moss  at  AA.  The  upper  portion  of  the  tubing  is  drawn 
down  to  the  lower  portion  by  the  tightening  screws  BB,  so  as  to 

c2 
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compress  the  moss  packing  wlien  tlie  weight  is  not  sufficient  for  the 
purpose.  A  space  0  is  left  between  the  tubing  and  the  side  of  the 
well,  to  admit  of  the  passage  of  the  stuffing-box  flange,  and  also  for 
running  in  concrete  for  the  completion  of  the  operation.  The  moss 
packing  rests  upon  the  bottom  flange  D,  but  this  flange  is  sometimes 
omitted.  The  joint  is  thus  simply  made  by  pressing  out  the  moss 
packing  against  the  sides  of  the  well ;  and  this  material,  being  easily 
compressible  and  not  liable  to  decay  under  water,  is  found  to  make 
a  very  satisfactory  and  durable  joint. 


M.  Dru  exhibited  specimens  of  the  various  boring  tools  described 
in  the  paper,  and  also  working  models  of  the  two  plans  of  liberating  the 
tool,  by  reaction  and  by  a  disengaging-rod,  showing  the  mode  of 
disengaging  the  tool  in  each  case.  He  stated  that  the  reaction  tool 
had  been  successfully  employed  for  borings  up  to  as  large  as  about 
4  feet  diameter,  as  in  the  case  of  the  well  now  sinking  at  Butte- aux- 
Cailles  of  47  inches  diameter ;  but  beyond  that  size  he  thought  the 
shock  requisite  to  liberate  the  larger  and  heavier  tool  would  probably 
be  so  excessive  as  to  be  injurious  to  the  boring  rods  and  the  rest  of 
the  attachments ;  and  he  had  therefore  designed  the  arrangement 
of  the  disengaging-rod  for  liberating  the  tool  in  borings  of  large 
diameter,  whereby  all  shock  upon  the  boring  rods  was  avoided 
and  the  tool  was  liberated  with  complete  certainty.  He  was  now 
employing  this  mode  of  liberation  in  place  of  the  reaction  plan  in  the 
boring  at  Butte-aux-Cailles,  where  the  weight  of  the  falling  tool  was 
as  much  as  3|  tons ;  as  he  thought  the  shock  necessary  to  liberate  so 
heavy  a  tool  by  the  reaction  method  would  prove  detrimental  to  the 
rest  of  the  apparatus.  In  this  case  also  the  diameter  of  the  well  was 
going  to  be  increased  to  71  inches,  when  the  total  weight  of  the  falling 
tool  would  be  upwards  of  5  tons.  The  disengaging-rod  had  further  the 
advantage  mentioned  in  the  paper,  that  there  was  no  risk  of  the  tool 
getting  accidentally  hberated  by  any  jerk  in  lowering  the  boring  rods 
and  tool  down  the  well  after  they  had  been  drawn  out  for  any  purpose. 
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He  explained  that  it  was  necessary  to  turn  the  boring  tool  partly 
round  between  each  stroke,  so  as  to  prevent  it  from  falling  every 
time  in  the  same  position  at  the  bottom  of  the  well ;  and  this  was 
effected  by  manual  power  at  the  top  of  the  well,  by  means  of  a  long 
hand  lever  fixed  to  the  boring  rod  by  a  clip  bolted  on,  which  w^as 
turned  round  by  a  couple  of  men  through  part  of  a  revolution  during 
the  time  that  the  tool  was  being  lifted.  The  turning  was  ordinarily 
done  in  the  right-hand  direction  only,  so  as  to  avoid  the  risk  of 
unscrewing  any  of  the  screwed  couplings  of  the  boring  rods  ;  and 
care  was  taken  to  give  the  boring  rod  half  a  turn  when  the  tool  was 
at  the  bottom,  so  as  to  tighten  the  screw  couplings,  which  otherwise 
might  shake  loose.  In  the  event  of  a  fracture  however,  leaving  a 
considerable  length  of  boring  rod  in  the  hole,  it  was  sometimes 
necessary  to  have  the  means  of  unscrewing  the  couplings  of  the 
portion  left  in  the  hole,  so  as  to  raise  it  in  parts  instead  of  all  at  once. 
In  that  case  a  locking  chp  was  added  at  each  screwed  joint  above,  and 
secured  by  bolts,  as  shown  at  C  in  Figs.  10  and  11,  Plate  41,  at  the 
time  of  putting  the  rods  together  for  lowering  them  down  the  well  to 
recover  the  broken  portion  ;  and  by  this  means  the  ends  of  the  rods 
were  prevented  from  becoming  unscrewed  in  the  coupling  sockets, 
when  the  rods  were  turned  round  backwards  for  unscrewing  the  joints 
in  the  broken  length  at  the  bottom  of  the  bore-hole. 

Mr.  J.  Lancaster  enquired  what  was  the  average  cost  of  boring 
any  of  the  ordinary  bore-holes  in  the  Paris  basin  by  the  system 
described  in  the  paper. 

M.  Dru  replied  that  it  was  impossible  to  state  any  amount  as  an 
average  of  the  cost,  because  the  circumstances  varied  so  much  at  the 
different  wells  sunk  in  the  Paris  basin,  in  regard  to  the  thickness  and 
hardness  of  the  strata  passed  through,  as  well  as  the  size  and  depth 
of  the  bore-hole,  that  the  cost  of  the  boring  was  not  at  all  similar  in  any 
two  cases.  Thus  the  cost  of  the  two  wells  described  in  the  paper  as 
now  in  process  of  sinking  at  M.  Say's  works  and  at  Butte-aux-Cailles, 
both  being  on  the  southern  side  of  Paris,  would  probably  amount  to 
as  much  as  £12,000  and  £20,000  respectively  when  the  wells  were 
completed,  exclusive  of  the  tubing  for  lining,  the  diameters  of  the 
bore-holes  being  19  inches  and  47  inches,  and  the  contemplated  depths 


184  BOEING   ARTESIAN   WELLS. 

1800  feet  and  2600  feet  respectively.  On  tlie  other  hand  a  well  sunk 
at  St.  Denis,  six  miles  north  of  Paris,  had  cost  only  £280  including 
the  copper  hning,  the  depth  being  about  260  feet  and  the  diameter 
4|  inches  ;  and  at  Enghien-les-Bains,  also  about  six  miles  north  of  the 
city,  a  boring  of  9f  inches  diameter  had  been  sunk  to  a  depth  of 
82  feet  for  only  £12,  the  first  water-bearing  stratum  being  reached  at 
a  depth  of  only  20  to  23  feet.  In  this  case  the  well  was  lined  with 
2f  inch  thickness  of  wood,  reducing  the  internal  diameter  to  5  inches  ; 
and  a  wood  lining  was  sometimes  preferred  to  wrought-iron  or  cast- 
iron  tubing,  according  to  the  nature  of  the  ground  passed  through. 

Mr.  J.  Lancaster  remarked  that  in  boring  for  coal  a  bore-hole 
of  3  inches  diameter  had  been  put  down  in  ISTottinghamshire,  with 
which  he  had  been  connected,  and  it  had  been  carried  to  a  depth  of 
1050  feet  at  a  cost  of  £3000.  In  another  bore-hole  of  3  inches 
diameter  that  he  had  simk  lately  for  coal  near  Wigan,  and  had  carried 
to  a  depth  of  1200  feet,  he  had  found  the  cost  of  sinking  to  be  about 
£100  for  the  first  300  feet,  £400  for  the  second,  £1600  for  the 
third,  and  £3200  for  the  last  300  feet,  making  a  total  cost  of  £5300 
for  the  whole  depth  of  1200  feet.  If  in  each  case  the  Belgian 
system  of  M.  Kind  wdth  a  hollow  annular  tool  had  been  employed, 
it  would  have  had  the  great  advantage  of  bringing  up  the  core 
of  the  hole,  whereby  a  series  of  cores  would  have  been  obtained, 
forming  a  complete  and  accurate  vertical  section  of  the  stratification 
in  the  boring  throughout  the  entire  depth  from  top  to  bottom  of  the 
bore-hole. 

Mr.  C.  Cochrane  suggested  that  the  amount  of  the  working 
expenses  per  day  in  boring  by  the  system  described  in  the  paper 
would  afford  the  means  of  estimating  the  cost  of  a  bore-hole  of  any 
depth,  according  to  the  hardness  of  the  strata  to  be  passed  through 
and  the  consequent  rate  of  progress  per  day.  It  appeared  from  the 
paper  that  in  boring  through  very  hard  rock  the  progress  had  been 
only  3  or  4  inches  per  day ;  and  no  doubt  the  rate  of  progress  was 
pretty  well  ascertained  in  the  case  of  other  materials  also. 

M.  Dru  said  that  the  cost  of  boring  thrqugh  any  particular 
stratum,  such  as  sand  or  clay  or  granite,  could  of  course  be  given 
approximately ;    but   even   then  such   statements   were   frequently 
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invalidated  altogether  by  the  delays  consequent  upon  breakages  ; 
and  in  some  instances  his  own  experience  of  boring  had  been  that, 
owing  to  the  difficulties  attending  the  operation,  the  occurrence  of 
delays  from  accidents  w^as  the  rule,  while  the  regular  working  of  the 
machinery  was  the  exception.  He  exhibited  specimens  of  the 
different  modifications  of  boring  tools  which  he  had  found  most 
efficacious  for  passing  through  the  different  strata  met  with  in  the 
Paris  basin ;  and  explained  that,  although  the  chisel-shaped  tools 
described  in  the  paper  w^ere  the  form  principally  employed,  he 
considered  it  would  be  a  mistake  to  attempt  to  use  any  one  form  of 
tool  exclusively  for  all  descriptions  of  ground.  For  passing  through 
granite  or  any  other  primary  rock  a  percussive  action  was 
indispensable,  and  the  force  of  the  blow  was  required  to  be 
concentrated  upon  a  small  extent  of  cutting  edge,  in  order  to 
produce  any  effect  by  the  blow:  but  in  softer  ground  a  greater 
number  of  cuttiag  chisels  were  used  in  the  falling  tool. 

Mr.  W.  Mather  considered  they  were  much  indebted  to  M.  Dru 
for  the  interesting  details  given  in  the  paper  of  the  system  of  boring 
employed  in  sinking  the  artesian  wells  in  Paris  ;  a  large  amount  of 
courage  and  perseverance  had  certainly  been  shown  in  carrying  down 
the  borings  to  the  great  depths  necessary  for  procuring  the  water  from 
the  green  sand,  and  he  was  much  struck  with  the  important  results 
obtained  from  the  wells  of  which  the  particulars  had  been  given. 
The  main  principle  which  appeared  to  characterise  the  plans  of  boring 
employed  in  France  was  that  the  boring  tool  was  worked  entirely  by 
rods,  throughout  the  whole  depth  from  the  surface  to  the  bottom  of 
the  bore- hole  ;  and  consequently  when  borings  of  any  considerable 
depth  were  attempted,  the  rods  became  so  heavy  that  breakages 
would  occur  if  the  rods  were  allowed  to  fall  with  the  tool  at  each 
stroke.  The  system  of  free-falling  tools  was  therefore  introduced, 
for  allowing  the  tool  to  fall  free  of  the  rods ;  and  two  very  ingenious 
arrangements  of  liberating  gear  for  this  purpose  had  been  described 
in  the  paper.  In  England  however,  in  the  case  of  boring  for  the 
purposes  of  coal  pits  or  for  obtaining  water  supply  for  towns,  the  rod 
system,  although  not  entirely  abandoned,  was  carried  out  in  a  very  rude 
manner,   far  inferior  to  that  adopted  in  France  according  to  the 
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description  furnished  by  the  paper.  This  was  owing  he  belicTed  to 
the  great  difficulties  which  had  been  experienced  in  applying  rods 
to  borings  of  a  large  size ;  and  accordingly  a  flat  wire  or  hemp  rope, 
5  inches  broad  and  ^  inch  thick,  was  now  being  used,  which  was  passed 
over  head-gear  at  the  top  of  the  bore-hole,  hke  the  ordinary  winding 
ropes  at  collieries,  and  was  worked  by  a  direct-acting  steam  cylinder 
to  give  the  blow.  This  arrangement,  by  dispensing  with  the  rods, 
allowed  of  making  the  boring  tools  much  simpler  than  those  used  in 
France,  avoiding  the  necessity  for  liberating  the  tool  from  the  rope 
for  each  fall  and  then  attaching  it  again  for  raising.  The  tool  that  had 
been  used  for  all  descriptions  of  borings  consisted  simply  of  a  plain 
bar  of  Bessemer  steel,  about  6  or  8  feet  long,  carrying  a  cast-iron  block 
at  the  bottom  end,  which  was  perforated  with  a  number  of  holes  to 
receive  the  boring  chisels  or  cutters  ;  these  were  of  different  shapes 
according  to  the  nature  of  the  strata  to  be  bored  through.  With  this 
tool  worked  by  the  flat  rope,  bore-holes  of  15  inches  to  24  inches 
diameter  had  been  sunk,  the  weight  of  the  tool  being  about  1  ton. 
The  same  tool  had  been  used  with  equal  success  for  boring  through 
the  tertiary  strata  or  through  primary  rock ;  in  the  latter  case  the 
height  of  fall  was  increased  as  found  requisite  up  to  as  much  as 
8  feet.  He  enquired  whether  there  had  been  any  experience  in  France 
of  the  use  of  ropes  for  working  the  boring  tools,  and  what  was  the 
reason  for  preferring  rods  for  the  purpose. 

M.  Dru  replied  that  as  long  ago  as  1842  ropes  had  been  used  in 
France  for  boring  purposes,  but  they  had  not  been  found  to  answer 
in  boring  through  clay,  because  the  tool  got  choked  and  stuck  fast, 
and  the  rope  broke,  leaving  the  tool  imbedded  at  the  bottom  of 
the  bore-hole  ;  it  was  then  necessary  to  have  recourse  to  rods  for 
raising  the  boring  tool,  and  he  therefore  preferred  to  use  rods  in  the 
first  instance.  In  boring  through  sand  however  ropes  had  been 
successfully  employed,  and  by  this  means  borings  had  been  carried 
down  with  great  rapidity,  as  much  as  60  feet  depth  having  been 
accomplished  in  a  fortnight  through  a  bed  of  sand  in  boring  a 
well  in  the  upper  stratum  of  the  Paris  basin.  The  section  of  the  Paris 
basin  showed  that,  owing  to  the  variable  strata  to  be  passed  through, 
no  one  form  of  boring  tool  such  as  had  been  referred  to  could  be 
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used  for  all  parts  of  the  bore-liole,  but  different  tools  were  required 
according  to  the  particular  stratification  at  the  bottom  of  the  hole. 

Mr.  W.  Mather  remarked  that  the  objections  which  were  stated 
to  have  attended  the  use  of  ropes  for  boring  purposes  in  France  had 
not  been  experienced  in  England,  where  ropes  had  been  successfully 
employed  in  sinking  borings  through  all  descriptions  of  gi'ound, 
including  running  sands,  clay,  and  beds  of  the  hardest  chalk 
interspersed  with  flints.  In  a  boring  lately  executed  near  Norwich 
with  the  rope  apparatus  to  a  depth  of  1200  feet,  having  a  diameter 
of  20  inches  in  the  upper  part  and  18  inches  below,  all  these  varieties 
of  stratification  had  been  successfully  passed  through,  without  any 
failure  occurring  of  the  rope  working  the  boring  tools  ;  and  he  did 
not  see  how  objections  could  arise  to  the  employment  of  the  same 
system  of  boring  in  France. 

Mr.  W.  Clay  mentioned  that  in  putting  down  a  bore-hole  of 
8  inches  diameter  to  a  depth  of  230  feet  through  the  sandstone  rock 
at  Liverpool,  for  the  purpose  of  obtaining  water,  he  had  used  a  tool 
somewhat  different  from  those  now  exhibited,  more  like  an  ordinary 
drill  with  cutters  round  it,  and  similar  to  a  boring  bar  for  boring  out 
cylinders  &c.  This  was  worked  by  a  hemp  rope  passing  over  head- 
gear from  a  drum  on  the  steam-engine  shaft,  and  the  drum  was 
connected  to  the  shaft  by  a  friction  clutch,  so  as  to  liberate  the  rope 
for  the  fall  of  the  tool.  This  plan  had  proved  very  satisfactory  in 
rapidity  of  progress,  and  he  had  not  had  any  difficulties,  the  boring 
being  only  through  the  sandstone  rock  for  the  whole  depth. 

Mr.  F.  J.  B  RAM  WELL  enquired  whether  there  was  not  a  liability, 
in  the  case  of  the  reaction  tool,  that  the  tool  might  fail  to  liberate 
itself  from  the  boring  rod  at  the  top  of  the  stroke,  either  by  the 
liberating  catch  getting  choked  with  dirt,  or  by  the  friction  of  the 
tool  in  the  bore-hole  being  so  great  as  to  prevent  the  slight  jump  at 
the  top  of  the  stroke  which  was  necessary  for  releasing  the  tool  in 
that  plan  of  disengaging. 

He  asked  also,  in  regard  to  the  difference  in  the  rapidity  of  flow 
of  the  water  from  the  several  wells  referred  to  in  the  paper,  what 
was  the  height  to  which  the  water  would  rise  in  a  tube  continued 
upwards  above  the  surface  of  the  ground ;  and  whether  any  difference 
in  that  level  was  occasioned  by  sinking  the  well  deeper. 
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M.  Dru  replied  that  he  had  not  experienced  any  difficulty  in  the 
liberation  of  the  reaction  tool ;  the  catch  was  made  so  heavy  that  it 
always  fell  back  immediately  into  the  vertical  position  after  liberating 
the  tool,  and  it  had  never  been  found  to  become  gagged  with  dirt, 
being  placed  always  at  a  considerable  height  above  the  bottom  of  the 
well ;  at  Butte- aux-Cailles  this  height  was  as  much  as  23  to  26  feet. 
On  account  of  the  great  weight  and  momentam  of  the  rising  tool,  in 
comparison  with  the  small  extent  of  the  rubbing  surface  against  the 
sides  of  the  hole  in  rising,  the  friction  was  not  sufficient  to  interfere 
at  all  with  the  liberation  of  the  tool  by  the  shock  on  reaching  the  top 
of  the  stroke.  Moreover  the  chisels  at  the  bottom  of  the  tool 
projected  laterally  beyond  the  body  of  the  tool  itself,  as  seen  in  Figs. 
24  and  27,  so  that  the  only  surface  rubbing  against  the  sides  of  the 
bore-hole  was  the  edge  of  the  chisel,  of  about  3  to  6  inches  width. 

With  regard  to  the  dehvery  of  water  obtained  from  the  artesian 
wells,  the  quantity  was  not  always  proportionate  to  the  area  of  the 
bore-hole  in  any  particular  situation  ;  and  as  to  the  height  to  which 
the  water  would  rise,  and  the  velocity  of  delivery,  it  was  impossible 
to  arrive  at  any  rule  generally  applicable  to  the  dehvery  of  artesian 
wells.  The  results  in  any  particular  case  depended  upon  the 
abundance  of  the  supply  yielded  by  the  water-bearing  strata,  the 
permeability  of  the  soil,  and  the  level  of  the  surface  of  the  ground 
at  the  mouth  of  the  well.  It  was  therefore  impossible  to  make  any 
comparison  between  the  wells  sunk  in  Paris,  and  those  for  example 
at  St.  Denis  in  the  immediate  neighbourhood.  The  latter  were  sunk 
only  in  the  tertiary  formation,  to  depths  varying  from  230  to  350  feet 
below  the  surface  of  the  ground  ;  the  first  water-bearing  stratum  was 
met  with  at  200  to  210  feet  depth,  and  the  extreme  height  to  which 
the  water  rose  was  327  feet  above  the  level  of  the  sea,  or  237  feet 
above  the  surface  of  the  ground  in  that  locality.  The  Grenelle  and 
Passy  wells  in  Paris,  on  the  other  hand,  were  carried  down  below 
the  chalk  in  the  secondary  formation,  that  at  Grenelle  to  the  depth 
of  1795  feet  below  the  surface  of  the  ground,  or  1673  feet  below  the 
level  of  the  sea ;  the  water  rose  at  Grenelle  to  a  height  of  128  feet 
above  the  ground,  and  as  the  delivery  at  that  height  was  100  gallons 
per  minute,  it  was  considered  that  if  the  pipe  were  continued  upwards 
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the  -water  -would  rise  as  much  as  80  to  140  feet  higher.  It  was  thus 
eyident  that  there  was  no  ground  for  comparison  between  artesian 
wells  sunk  under  different  circumstances  as  to  locality  and  depth. 

Mr.  W.  Fair  BAIRN  observed  that  from  the  particulars  given  in 
the  paper  the  quantity  of  water  delivered  by  the  artesian  -wells  sunk 
in  the  Paris  basin  seemed  so  small  in  proportion  to  the  depth  of  the 
borings  and  the  time  and  labour  expended  upon  their  execution,  that 
it  appeared  to  him  questionable  whether  the  result  would  be  found 
to  justify  the  necessary  outlay,  in  any  situations  where  there  were 
opportunities  of  procuring  the  requisite  water  supply  by  other 
means.  In  reference  to  the  mode  of  sinking,  he  thought  the 
description  that  had  been  given  of  the  various  tools  employed  and  of 
the  mode  of  working  was  of  much  practical  value  in  connection  -with 
borings  generally. 

Mr.  C.  Cochrane  enquired  -whether  any  of  the  beds  of  sand 
passed  through  by  the  boring  tools  described  in  the  paper  had  been 
running  sands ;  and  what  special  means  had  been  employed  for 
shutting  off  a  running  sand,  in  order  to  enable  the  work  to  be 
proceeded  ^^th. 

M.  Dru  replied  that  running  sands  had  been  met  with  in  several 
of  the  bore-holes  which  he  had  put  do-wn;  and  the  plan  he  had 
adopted  was  to  use  the  Chinese  ball-scoop  described  in  the  paper  for 
clearing  the  bottom  of  the  bore-hole ;  and  where  there  was  too  much 
sand  for  it  to  be  got  rid  of  in  that  way,  a  tube  had  to  be  sent  do-wn 
from  the  surface  to  shut  off  the  sand.  This  of  course  necessitated 
diminishing  the  diameter  of  the  hole  in  passing  through  the  sand ; 
but  on  reaching  the  solid  rock  below  the  running  sand,  an  expanding 
tool  was  used,  for  continuing  the  bore-hole  below  the  tubing  with 
the  same  diameter  as  above  it,  so  as  to  allow  the  tubing  to  go  do-wn 
with  the  hole. 

Mr.  R.  Mallet  remarked  that  one  of  the  most  serious  difficulties 
which  could  be  encountered  in  boring  was  where  an  inchned  surface 
of  hard  rock  was  met  -with,  intersecting  the  boring  at  a  very 
considerable  inclination.  In  the  case  of  a  boring  executed  at 
Ibbenburen  in  WestphaUa,  a  large  block  of  red  haematite  mixed 
-with  quartz  was  encountered,  imbedded  in  marl,  which  met  the  boring 
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tool  at  an  mclination  of  as  much,  as  about  70°  from  the  horizontal. 
This  proved  a  very  serious  barrier  to  the  progress  of  the  hole ; 
for  although  the  length  of  the  guided  part  of  the  tool  was  about 
8  feet,  while  the  diameter  of  the  hole  was  only  a  few  inches,  the  tool 
could  not  be  kept  straight,  but  was  turned  aside,  and  the  hole 
consequently  became  cavernous  and  crooked  at  that  part.  He 
enquired  how  such  a  difficulty  as  this  would  be  met  in  the  system  of 
boring  described  in  the  paper. 

M.  Dru  exhibited  a  specimen  of  the  tool  that  was  used  in  the  case 
of  meeting  with  a  surface  of  very  hard  rock  at  a  considerable 
inclination  to  the  bore-hole,  the  cutters  being  fixed  in  a  circle  all 
round  the  edge  of  the  tool,  instead  of  in  a  single  diameter  line ;  the 
length  of  the  tool  was  also  considerably  increased  in  that  instance, 
as  compared  with  the  tools  used  for  ordinary  work,  so  that  it  was 
guided  for  a  length  of  as  much  as  20  feet.  He  stated  that  he  used 
this  tool  in  all  cases  where  from  any  cause  the  hole  was  found  to  be 
going  crooked;  and  he  had  even  succeeded  by  this  means  in 
straightening  a  hole  that  had  previously  been  bored  crooked.  The 
cutting  action  of  this  tool  was  all  round  its  edge ;  and  therefore  in 
meeting  with  an  inclined  hard  surface,  as  there  was  nothing  to  cut 
on  the  lower  side,  the  force  of  the  blow  was  brought  to  bear  on  the 
upper  side  alone,  until  an  entrance  was  effected  into  the  hard  rock 
in  a  true  straight  line  with  the  upper  part  of  the  hole. 

Mr.  R.  Mallet  mentioned  that  in  the  boring  at  Ibbenburen  that 
he  had  referred  to,  which  was  done  with  wooden  boring  rods,  the 
couplings  of  the  rods  were  made  of  steel  instead  of  iron ;  and  he 
thought  it  was  preferable  to  use  steel  for  the  purpose,  as  it  appeared 
from  the  statement  in  the  paper  that  with  the  iron  coupKngs  the 
breakages  which  occurred  of  the  boring  rods  generally  took  place  at 
the  couplings,  more  particularly  at  the  screwed  part,  which  was  of 
course  the  weakest  point. 

M.  Dru  said  he  had  not  used  steel  for  the  couplings  of  the  boring 
rods ;  for  though  the  breakages  generally  occurred  in  the  iron,  he 
had  not  considered  that  they  were  sufficiently  frequent  or  serious  to 
justify  the  substitution  of  steel  couplings.  He  exhibited  the  conical 
screwed  sockets  that  were  used  in  the  event  of  a  breakage  for  raising 
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the  broken  rods  left  in  the  bore-hole,  one  of  the  sockets  being  made 
with  an  ordinary  V  thread  for  the  cases  where  the  breakage 
occurred  in  the  u'on ;  w^hile  the  other  socket  having  a  sharper 
thi'ead,  like  a  wood  screw,  was  intended  for  use  when  the  breakage 
was  in  one  of  the  wood  rods.  In  order  to  ascertain  the  shape  of  the 
fractured  end  left  in  the  bore-hole,  and  its  position  relatively  to  the 
centre  line  of  the  hole,  he  explained  that  a  similar  conical  socket  was 
first  lowered,  having  its  under  surface  filled  up  level  with  wax, 
so  as  to  take  an  impression  of  the  broken  end,  and  show  what 
size  of  screwed  socket  should  be  employed  for  getting  it  up. 
He  showed  also  the  conical  screw^ed  plug  that  was  used  for 
bringing  up  or  letting  dowm  the  metal  tubes  employed  for  lining  the 
bore-holes ;  and  also  specimens  of  the  tubes  of  different  sizes  used 
for  the  purpose.  The  larger  tubes,  above  6  feet  diameter,  were 
of  cast  iron,  the  several  lengths  being  connected  together  by  internal 
flange  joints  bolted  together;  below  that  size,  rivetted  wrought- 
iron  tubes  were  used,  or  copper  tubes  with  screwed  socket  joints. 
He  explained  that  in  raising  the  boring  rods  they  were  generally 
uncoupled  at  every  alternate  coupling  only,  when  the  hole  had  been 
sunk  to  some  depth  below  the  surface,  so  as  to  save  time  by  avoiding 
the  necessity  of  uncoupling  every  joint ;  and  the  timber  shed  erected 
over  the  mouth  of  the  hole  was  carried  up  to  a  sufficient  height  to 
take  in  the  double  lengths  of  rods  without  uncoupling,  amounting 
to  G5  feet  length. 

The  President  moved  a  vote  of  thanks  to  M.  Dru,  which  was 
passed,  for  his  paper,  and  for  the  very  complete  and  interesting 
collection  which  he  had  exhibited  of  the  various  tools  employed  in 
the  borings  that  he  had  executed. 

He  mentioned  that  the  Members  would  have  the  opportunity  on 
the  following  day  of  visiting  the  works  of  the  borings  now  in  progress 
of  execution  by  M.  Dru  in  Paris,  at  Butte- aux-Cailles  and  at  M.  Say'a 
sugar  refinery. 


The  folio-wing  paper  was  then  read :- 
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ON  THE  STEAM  DREDGERS 

EMPLOYED   IN  THE   EXCAVATION   OF   THE 

ISTHMUS  OF  SUEZ  CANAL. 


By  M.  BOREL,  of  Paris. 


The  excavation  of  tlie  Suez  Canal  is  not  of  the  same  character 
throughout,  the  general  configuration  of  the  Isthmus  requiring  at  one 
part  cuttings  of  considerable  depth  ;  but  the  greater  portion  of  the 
length  requires  only  the  excavation  of  a  channel  through  ground 
scarcely  above  the  sea  level,  and  a  considerable  portion  lies  below 
that  level  so  as  to  require  embanking  on  each  side  of  the  channel. 
A  general  plan  and  section  of  the  entire  Canal  is  shown  in  Figs.  1 
and  2,  Plate  50.  The  present  distance  from  the  Mediterranean  to 
the  Red  Sea  across  the  Isthmus  of  Suez  is  100  miles  ;  but  at  a 
comparatively  recent  date  the  waters  of  the  Mediterranean  reached 
up  to  the  table-land  of  El  Ferdane,  and  the  Red  Sea  nearly  to 
Chalouf.  The  land  distance  of  56  miles  between  these  places  was 
further  red^iced  by  Lake  Timsah,  which  was  formerly  fed  by  the 
waters  of  the  Nile,  having  a  bottom  19  feet  below  the  sea  level ; 
and  also  by  the  two  Bitter  Lakes,  which  are  12  J  and  9  miles  length, 
and  16  to  32  feet  depth  below  the  sea  level,  but  are  at  the  present 
time  dry.  The  Mediterranean  thus  appears  to  have  retreated  about 
37  miles,  leaving  behind  it  the  shallow  lakes  or  rather  marshes  of 
Lake  Ballah  and  Lake  Menzaleh,  from  the  latter  of  which  it  is  now 
separated  by  a  narrow  belt  of  sand  of  only  100  to  200  yards  width. 
The  Red  Sea  has  also  retreated  about  9  miles,  leaving  a  plain  at 
nearly  the  level  of  high  tide. 

The  first  half  of  the  entire  length  of  the  canal,  extending  from 
the  Mediterranean  to  near  the  Bitter  Lakes,  passes  mostly  through 
fine  sand  more  or  less  muddy,  some  portions  passing  through  clay 
and  mud  of  varying  hardness  and  consistency,  and  some  through 
agglomerated  sand ;  but  no  portion  offers  serious  difficulty  to  the 
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dredger  -when  excavating  from  underneath.  There  are  also  some 
beds  of  calcareous  and  gypseous-  formation  more  or  less  hard,  but 
not  very  thick,  and  not  expected  to  cause  any  great  difficulty  to  a 
di'edger  with  the  ordinary  buckets.  Near  the  Bitter  Lakes  the  soil 
changes  entirely  and  becomes  clayey,  and  a  gypseous  clay  -with  a 
few  alternations  of  sand  forms  the  remainder  of  the  distance  to  be 
traversed  by  the  canal  to  the  Red  Sea ;  but  this  material  is  not 
expected  to  offer  any  remarkable  difficulties  to  working  by  a 
di'edger  suitably  constructed. 

The  canal  starts  from  a  point  at  Port  Said  on  the  Mediterranean 
coast,  Fig.  1,  where  the  water  deepens  most  rapidly,  in  order  to 
reduce  the  length  of  the  jetties  that  have  to  be  constructed.  The 
line  of  the  canal  passes  through  the  successive  lakes,  cuts  through 
the  elevated  table-lands  of  El  Guisr  or  El  Ferdane  and  Serapeum, 
and  the  high  ground  at  Chalouf,  and  crosses  the  Suez  plain  to  the 
Red  Sea  at  Suez.  The  section  of  the  canal  was  originally  intended 
to  be  made  with  26  feet  depth  of  water  and  72  feet  width  at  the 
bottom  of  the  excavation,  with  slopes  of  1  in  2,  giving  a  width  of 
water-way  of  1 76  feet  at  the  surface ;  but  this  width  has  been 
increased  to  328  feet  for  the  portions  of  the  canal  passing  through 
the  low  ground  and  lakes,  as  shown  in  Fig.  3,  Plate  51  ;  and  the 
slopes  below  the  water  line  have  been  left  to  take  the  natural  slope 
of  the  soil.  For  the  cuttings  through  the  high  ground  at  El  Guisr, 
Serapeum,  and  Chalouf,  the  section  of  the  canal  is  that  shown  in 
Fig.  4. 

The  first  operation  consisted  in  cutting  a  freshwater  canal,  in 
prolongation  of  the  old  Ouady  Canal  from  the  Nile,  for  the  purpose 
of  obtaining  a  supply  of  fresh  water  for  the  men  employed  on  the 
works ;  this  prolongation  was  carried  to  Ismailia,  where  the 
head- quarters  of  the  works  are  established  near  the  middle  point  of 
the  maritime  canal.  The  line  of  the  maritime  canal  through  Lakes 
Menzaleh  and  Ballah  was  then  commenced  by  excavating  two  side 
trenches,  the  spoil  forming  a  continuous  embankment  along  each 
side  of  the  canal  across  the  ground  lying  below  the  sea  level ;  and 
the  embankment  on  the  African  side  was  made  strong  enough  to 
resist  the  action  of  the  waves  in  the  lake,  and  to  carry  the  freshwater 
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conduit  on  the  top.  A  communication  by  water  was  tlien  effected 
from  the  Mediterranean  to  the  Red  Sea  by  means  of  the  freshwater 
canal,  a  branch  of  which  was  constructed  from  Ismaiha  to  Suez,  as 
shown  in  Fig.  1  ;  and  the  channel  though  shallow  sufficed  for 
supplying  the  works,  as  long  as  hand  labour  alone  was  used.  When 
the  fellahs  previously  employed  were  withdrawn  by  the  Egyptian 
Government,  mechanical  means  had  to  be  resorted  to  for  continuing 
the  works,  and  steam  dredgers  were  then  adopted. 

The  Dredgers  used  on  the  first  10  miles  of  the  canal  from  Port 
Said  are  constructed  entirely  of  iron,  with  one  bucket  frame,  the 
foot  of  which  is  ahead  of  the  hull,  so  as  to  be  able  to  open  the 
channel  in  advance  of  the  vessel.  The  buckets  hold  14  cubic  feet 
each,  and  the  shoots  depositing  the  spoil  on  the  sides  of  the  canal 
are  successively  lengthened ;  the  slope  of  the  shoots  being  about 
1  in  10,  the  wet  mud  and  sand  readily  pass  down  them.  All  the 
movements  for  raising  and  lowering  the  bucket  frame,  for  traversing 
across  the  canal,  and  for  going  ahead,  &c.,  are  performed  by  a 
condensing  steam  engine  of  35  horse  power  with  two  cylinders. 

On  the  next  portion  of  the  canal,  extending  to  El  Ferdane,  the 
surface  of  the  ground  is  somewhat  higher  than  in  the  first  portion, 
whereby  not  merely  is  the  size  of  the  spoil  banks  increased,  but  also 
the  height  at  which  the  spoil  has  to  be  deposited ;  moreover  the 
clay  which  here  constitutes  a  portion  of  the  spoil  prevents  it  from 
spreading  so  far  on  falling  from  the  shoot,  and  thereby  further 
increases  the  height  of  the  spoil  bank.  The  mode  of  executing  the 
work  therefore  on  this  portion  of  the  canal  was  as  follows.  Leaving 
the  trench  on  the  African  side  for  the  boats  bringing  up  supplies 
from  the  sea  at  Port  Said,  the  Asiatic  trench,  which  as  a  rule  was 
originally  cut  narrower  and  shallower  than  the  other,  was  enlarged 
first.  All  the  soil  above  the  water  level  was  taken  out  by  hand 
labour,  and  carried  beyond  the  distance  at  which  the  dredgers  were 
to  deliver,  in  order  to  allow  as  much  slope  as  possible  for  the 
dredger  shoots ;  but  notwithstanding  this  precaution,  the  shoots 
had  still  to  be  lengthened  and  sloped  more  gently  than  before. 
The  dredgers  employed  for  excavating  below  the  water  level  are 
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worked  by  engines  of  14  to  18  horse  power,  at  higli  pressure 
without  condensers,  having  driving  belts  and  cog  wheels  driving 
the  tumblers.  The  hulls,  which  are  of  iron,  are  72  and  82  feet  long 
with  23  feet  beam.  In  order  to  add  to  their  stability  with  their 
long  shoots,  a  wooden  lighter  39  feet  long  by  10  feet  beam  was 
firmly  lashed  alongside.  The  buckets  of  these  dredgers  are  from 
3|  to  5  J  cubic  feet  in  capacity,  as  shown  in  Figs.  7  and  8,  Plate  54  ; 
and  the  delivery  is  at  the  rate  of  about  20  buckets  per  minute.  The 
shoots  are  made  of  sheet  iron  ;  they  are  4  feet  wide,  their  cross 
section  being  a  semi-ellipse  with  the  long  axis  horizontal,  and  they 
are  inclined  from  1  in  12  to  1  in  16,  their  length  being  from  65  to  72 
feet.  Sixteen  of  these  dredgers  have  been  used  to  make  18  miles  of 
new  channel,  59  to  65  feet  wide  and  from  6  to  10  feet  deep. 

That  portion  of  the  spoil  from  the  main  channel  of  the  canal 
which  is  not  deposited  upon  the  banks  by  the  dredger  shoots  is 
dehvered  into  ballast-lighters  fitted  to  go  out  to  sea,  which  discharge 
the  spoil  in  deep  water  in  the  Mediterranean.  In  Fig.  25,  Plate  63,  is 
shown  a  transverse  section  of  one  of  these  lighters,  which  are  similar 
in  general  construction  to  those  shown  in  Figs.  21  and  22,  Plate  61, 
only  of  larger  build.  The  English  sea-going  ballast-lighters  hold 
217  cubic  yards,  and  have  one  screw  driven  by  an  engine  of  50  horse 
power  working  with  surface  condensers ;  these  are  excellent  boats, 
both  in  form  and  construction,  and  also  from  the  simplicity  of  the 
whole  arrangement.  Others  built  in  France  carry  261  cubic  yards, 
and  work  at  high  pressure  without  condensing.  The  speed  in  both 
cases  is  about  7  to  8  miles  per  hour. 

In  the  course  of  working,  it  was  remarked  that  by  the  passage 
of  the  vessels,  and  especially  of  the  small  steam  tugs,  the  sides  of 
the  canal  were  worn  down  somewhat  rapidly  when  dressed  to  a 
slope  of  1  in  2,  and  it  was  therefore  proposed  that  the  slopes  should 
be  pitched ;  but  before  this  could  be  accomplished,  it  was  found 
that  the  action  of  the  waves  had  formed  a  sort  of  gently  shelving 
beach,  on  which  their  force  was  then  spent  without  further  injury 
to  the  slopes.  This  clearly  showed  that  all  that  was  necessary  for 
the  further  protection  of  the  slopes  was  to  shift  back  the  spoil  banks 
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A  A  to  snch  a  distance,  as  shown  in  Fig.  3,  that  not  only  might  the 
slopes  of  the  channel  of  the  canal  be  made  flatter  without  causing  the 
sides  and  spoil  banks  themselves  to  give  way,  but  also  that  there 
might  be  formed  along  the  water  line  a  sufiiciently  wide  ledge  B  B 
to  serve  as  a  gently  shelving  shore  for  the  waves  to  break  upon. 
For  this  reason  the  width  of  the  canal  at  the  surface  of  the  water 
was  increased  to  328  feet,  as  in  Fig.  3  ;  and  the  inner  crests  of  the 
spoil  banks  A  A  were  made  394  feet  apart,  or  197  feet  distance  on 
each  side  from  the  centre  line  of  the  canal.  This  necessarily 
increased  the  quantity  to  be  excavated,  and  means  had  to  be  devised 
for  depositing  on  each  bank  246  cubic  yards  of  spoil  per  yard  run  ; 
and  a  most  successful  solution  of  the  difiiculty  was  found  in  the 
adoption  of  extra  long  shoots.  But  it  then  became  necessary  to 
give  the  dredgers  an  unusual  height  and  to  make  the  shoots  230  feet 
long ;  and  it  was  consequently  impossible  to  retain  the  same 
arrangement  of  the  parts  as  in  the  smaller  dredgers.  The  new 
arrangement  however  presented  the  great  advantage  of  doing  away 
with  cranes,  ballast  lighters,  and  especially  wagons  for  removing  the 
spoil,  which,  running  over  banks  made  of  mud  or  wet  clay  broken 
up  by  the  buckets,  were  constantly  getting  out  of  order.  Moreover 
with  the  aid  of  a  few  torches  the  dredger  could  be  worked  by  night 
as  well  as  by  day. 

The  dredgers  with  the  extra  long  shoots  are  shown  in  Figs.  5  and 
6,  Plates  52  and  53,  and  are  fitted  with  a  single  bucket-frame  C  like 
the  others,  the  foot  of  which  is  ahead  of  the  hull ;  the  hulls  are 
108  feet  long  and  27  feet  beam,  and  the  upper  tumbler  D  is  48  feet 
in  height  above  the  water.  The  shaft  of  the  engine  carries  a  drum 
working  two  centrifugal  pumps,  for  supplying  water  to  facilitate  the 
discharge  of  the  spoil  through  the  shoots.  The  length  of  the  shoot  E 
from  the  centre  of  the  dredger  is  230  feet,  and  its  section  is  a  half 
ellipse  2 J  feet  deep  and  5  feet  wide ;  the  width  of  the  vertical  well 
into  which  the  buckets  discharge  the  spoil  being  greater  than  that 
of  the  shoot,  a  tapering  junction  is  made  of  as  great  a  length  as 
possible.  The  shoot  is  stiffened  lengthwise  by  two  lattice  girders 
which  rest  on  the  bottom  of  an  iron  lighter  F  placed  at  about 
one-third  of  their  length  from  the  dredger ;  the  uprights  Gr  supporting 
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the  shoot  are  not  fixed  to  the  bottom,  but  jointed  to  a  large  horizontal 
spindle  placed  lengthwise  in  the  lighter,  and  passing  along  its  centre 
of  displacement.  A  horizontal  hinge  couples  the  shoot  to  the 
dredger,  and  allows  of  its  inclination  being  altered ;  this  joint  is 
covered  by  a  piece  of  leather  protected  by  sheet  iron,  over  which  the 
spoil  passes,  the  leather  and  iron  being  fixed  to  the  dredger  only. 
In  order  to  allow  of  changing  the  inclination  of  the  shoot  the 
uprights  G  resting  on  the  lighter  are  made  telescopic.  The  shoot 
is  lifted  by  two  small  hydraulic  presses  worked  by  hand ;  blocks  of  a 
suitable  thickness  are  then  put  into  the  shdes  of  the  uprights  Gr, 
and  the  whole  is  bolted  together. 

For  the  purpose  of  facilitating  the  transport  of  the  shoots,  the 
framework  supporting  the  shoot  is  cut  in  two  horizontally  above  the 
sHdes  just  mentioned,  so  that  when  the  shoot  is  detached  from  the 
dredger  it  can  be  turned  on  a  sort  of  platform  and  brought  into  a 
position  lengthwise  with  the  lighter,  the  outer  end  being  put  upon 
a  boat  for  that  purpose.  As  it  is  necessary  that  the  dredger  in 
traversing  across  the  canal  from  side  to  side  should  carry  its  shoot 
and  Hghter  with  it,  the  lighter  is  connected  to  the  dredger  transversely 
by  a  pair  of  chains  H  H,  Fig.  6,  with  horizontal  struts  at  right  angles 
to  the  two  hulls  to  serve  as  distance  pieces ;  and  a  second  pair  of 
chains  JJ  run  from  the  stern  and  bow  of  the  dredger  to  the  bow 
and  stem  of  the  lighter,  whereby  they  are  securely  stayed  together 
longitudinally.  A  pair  of  iron  frames  K  K  fixed  to  the  dredger,  and 
resting  on  the  lighter  and  attached  to  it,  make  the  two  hulls  like  one 
piece  in  their  vertical  movements. 

Many  of  these  dredgers  with  long  shoots  are  now  at  work 
satisfactorily,  and  fully  reahse  what  was  expected  of  them ;  and 
twenty  more  are  being  constructed.  It  was  feared  that  the  swinging 
or  traversing  movement  of  the  dredgers  across  the  canal  from  side 
to  side  might  be  attended  with  some  difficulty  on  account  of  their 
mass,  and  from  the  wind  acting  with  so  great  a  leverage  ;  but  these 
fears  are  found  to  be  without  foundation,  as  the  dredgers  are  shifted 
just  as  easily  as  those  discharging  into  ballast  Ughters.  The  slanging 
movement  of  the  dredger  is  performed  by  means  of  chains  L  L,  Fig.  6, 

e2 
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from  the  fonr  corners  of  tlie  dredger  to  ancliors  witli  very  broad 
and  strong  flukes.  These  chains  pass  through  hawse  holes  3  to  5 
feet  below  the  water,  leaving  sufficient  depth  of  water  above  them 
for  the  boats  actually  used  on  the  canal  to  pass  over  the  chains  ;  the 
hawse  holes  are  found  to  wear  away  very  quickly. 

Only  one  form  of  bucket  is  used,  of  elliptical  section 
and  very  conical,  as  shown  in  Figs.  7  and  8,  Plate  54 ;  and  as  this 
empties  very  easily  it  has  not  been  considered  necessary  to  try  any 
other  forms.  It  should  be  borne  in  mind  that,  beyond  a  certain  size, 
the  buckets  empty  very  well,  even  when  they  work  in  sticky  clays  ; 
because  the  adhering  surface  of  the  spoil  is  simply  proportional  to 
the  square  of  the  dimensions,  whereas  the  volume  and  consequently 
the  weight  of  the  spoil  is  proportional  to  the  cube  of  the  same 
dimensions.  Thus  the  weight  increases  more  quickly  than  the 
adherence,  and  consequently  the  latter  is  always  overcome  beyond  a 
certain  limit  of  dimensions. 

With   these   dredgers   48   feet   high  it  will  be  easy,   with  the 

exception  of  certain  short  portions  where  the  ground  is  too  high,  to 

complete  the  cut  across  the  Mediterranean  lakes  and  the  Suez  plain. 

Fig.  2,  which  form  the  two  ends  of  the  canal,  and  also  to  excavate 

the  approaches  of  the  Bitter  Lakes,  the  whole  amounting  to  more  than 

half  the  entire  length  of  the  canal.     Before  constructing  the  dredgers 

48  feet  high  however,  it  was  necessary  to  proceed  cautiously  in 

exceeding  the  dimensions  of  the  first  dredgers  of  only  26  to  30  feet 

height ;  and  experience  showed  that  it  was  necessary  to  devise  some 

new  method  for  getting  rid  of  the  spoil  in  the  higher  ground.      The 

formation  level  of  the  canal  is  throughout  at  the  same  height,  and 

consequently  the  cubic  quantity  of  spoil  increases  very  rapidly  as  the 

ground  rises ;  and  as  the  crest  of  the  spoil  bank  deposited  on  this 

high  ground  must  be  at  least  so  far  below  the  extremity  of  the  shoot 

that  the  largest  lumps  which  the  buckets  bring  up  may  easily  be  got 

rid  of,  the  height  of  the  shoot  and  consequently  of  the  dredger 

increases  much  more  rapidly  than  the  depth  to  be  excavated.     This 

necessitates  increasing  the  strength  of  all  the  framework,  the  length 

of  the  bucket  frame,  and  the  weight  of  the  chain  of  buckets ;  but 

the  pins  and  links  of  the  bucket  chains  had  already  reached  very 
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considerable  dimensions  and  weights  in  the  original  dredgers,  which 
made  them  inconvenient  to  repair.  The  first  trial  was  made  with 
dredgers  only  10  feet  higher  than  the  original  ones,  and  their 
excellent  working  encouraged  the  making  of  others  still  10  feet 
higher ;  but  it  was  evidently  impossible  to  go  much  beyond  the  last 
height  of  48  feet. 

In  order  therefore  to  excavate  the  short  lengths  of  the  canal 
where  the  ground  is  too  high  for  even  the  long- shoot  dredgers  of 
48  feet  height,  an  attempt  was  made  to  work  with  cranes  carried  on 
the  canal  banks,  having  33  feet  radius  of  swing,  which  were  to 
take  up  the  boxes  filled  by  the  dredgers  and  brought  alongside  in 
floats.  The  arm  of  the  crane  not  being  long  enough  to  discharge 
more  than  a  small  quantity  on  the  spoil  bank,  the  remainder  was  to 
be  run  off  in  trucks  in  the  ordinary  way.  The  first  thing  necessary 
was  that  the  canal  banks  and  slopes  should  be  sufficiently 
sohd  to  carry  the  cranes  and  rails  and  loaded  wagons,  when  sloped 
at  the  inclination  of  1  in  2,  which  was  necessary  for  allowing  the 
floats  to  come  alongside.  After  some  months'  trial  on  the  most 
favourable  portions  of  the  canal,  it  was  found  that  the  action  of  the 
water  on  the  slopes,  and  their  general  want  of  sohdity  under  the 
weight  put  upon  them,  rendered  this  plan  defective.  The  object 
then  was  to  find  some  arrangement  of  mechanism  which,  whilst  it 
should  be  capable  of  movement  longitudinally,  should  be  steady 
laterally,  and  should  discharge  at  least  one-half  of  the  spoil  direct 
on  to  the  bank,  without  the  use  of  wagons  or  any  further 
handling. 

These  considerations  led  to  the  construction  of  an  Elevator,  which 
is  shown  in  Figs.  15  and  16,  Plates  57  and  58,  and  consists  principally 
of  two  lattice  iron  girders  M  M,  placed  at  right  angles  to  the  canal 
and  resting  half  way  on  the  bank ;  these  support  a  joair  of  rails  N  N 
inclined  about  1  in  4 J,  the  lower  end  being  about  10  feet  above  the 
water,  and  the  upper  end  about  46  feet.  A  truck  P  running  on  the 
bank  parallel  to  the  centre  Hne  of  the  canal,  6  feet  above  the  water, 
supports  the  girders  in  the  middle,  and  the  lower  half  towards  the 
water  rests  on  a  lighter  Q,  the  centre  of  which  is  26  feet  from  the 
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lower  end  of  the  girders  ;  the  npper  half  towards  the  shore  is 
completely  overhanging.  The  girders  are  tied  together  by  vertical 
stmts,  and  are  strutted  between  their  lower  plates.  The  gussets  at 
the  middle  are  joined  above  the  rails  in  an  arch,  and  at  their  lower 
ends  widen  out  and  rest  on  the  truck  P.  The  two  girders  are  thus 
supported  at  two  points  13  feet  apart,  which  gives  them  sufficient 
stability  transversely,  but  allows  of  vertical  oscillation,  so  that  the 
inclination  can  be  suited  to  the  level  of  the  water.  They  are 
attached  to  the  lighter  Q  by  a  cast-iron  block  fitted  with  two 
trunnions  placed  horizontally  and  at  right  angles  to  each  other ; 
to  this  piece  are  secured  four  uprights,  in  the  shape  of  an  inverted 
pyramid,  which  are  rivetted  two  and  two  to  the  girders,  thus  forming 
a  universal  joint. 

On  the  inclined  rails  N  of  the  girders  runs  a  trolly  R  with 
external  wheels,  which  is  shown  enlarged  in  Figs.  17  to  19,  Plates 
69  and  60  ;  the  pair  of  wheels  at  the  lower  end  are  fixed  upon  their 
axle,  while  the  other  pair  are  loose ;  and  the  axle  of  the  latter  carries 
two  pairs  of  drums  S  S  and  T  T  of  different  diameters  cast  in  one 
piece.  On  the  smaller  drum  S  is  coiled  a  chain,  to  which  the 
boxes  U  filled  by  the  dredger  buckets  are  to  be  hooked ;  on  the 
larger  drum  T  is  coiled  in  the  contrary  direction  an  iron  cable, 
which  passing  over  a  pulley  0  at  the  top  end  of  the  elevator  runs 
down  to  a  winding  drum  I  fixed  to  the  supports  of  the  girders  on 
the  lighter  Q.  The  drum  I  is  worked  by  a  two  cylinder  engine  ; 
the  boiler  is  in  the  lighter,  which  contains  also  the  water  tanks  and 
coal  bunkers  ;  and  as  the  engine  itself  is  fixed  to  the  girders  M  M, 
the  steam  pipe  passes  through  the  universal  joint  uniting  the  girders 
to  the  lighter.  The  elevator  is  worked  in  the  following  manner. 
Supposing  the  trolly  R  is  at  the  lower  end  of  the  incline  and 
consequently  outside  the  lighter,  a  float  W  is  brought  underneath, 
carrying  boxes  U  U  filled  with  spoil  by  the  dredger,  one  of  which  is 
hooked  on  to  the  chain,  and  the  engine  set  to  work.  The  first  effect 
is  that  the  cable  uncoils  itself  from  the  larger  drum  T  on  the  axle  of 
the  trolly,  Figs.  17  and  18,  thereby  winding  up  on  the  smaller  drum  S 
the  chain  hooked  to  the  box  U,  which  is  thus  lifted  until  the  stop  V 
touches  the  drum  S ;  and  as  the  chain  cannot  then  be  wound  up 
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any  further,  the  cable  drags  the  trolly  up  to  the  top  of  the  incline, 
where  the  spoil  is  tipped  by  a  self-acting  movement.  For  tipping 
the  spoil  a  pair  of  rollers  XX,  Figs.  17  and  20,  are  placed  at  the 
back  of  the  box  U  and  on  the  lower  side,  which  are  caught  between 
two  pairs  of  guiding  rails  Y  Y  parallel  to  the  incline  of  the  elevator ; 
and  shortly  before  getting  to  the  top  of  the  incline  these  guides  rise 
in  a  curvilinear  line,  as  sho"vvn  in  Fig.  15,  so  as  to  tip  the  box  into  a 
nearly  vertical  position  for  emptying  out  the  spoil.  By  reversing  the 
engine  the  trolly  is  allowed  to  run  down  to  the  bottom  of  the  incline, 
and  the  box  is  lowered  back  again  into  the  float. 

The  boxes  U  hold  4  cubic  yards  each,  and  their  shape  is  similar  to 
that  of  tip  wagons,  as  shown  in  Figs.  17, 18,  and  20;  the  bottom  is  lined 
with  thin  sheet  iron,  and  they  are  made  somewhat  narrower  at  the 
back  than  in  front,  as  shown  in  Fig.  20.  The  flap  door  at  the  front 
end  is  hinged  on  the  upper  edge.  Fig.  1 7,  and  kept  shut  by  a  catch  on 
each  side,  which  is  released  by  a  self-acting  chain  at  the  moment  of 
tipping  the  box.  The  floats  W  carry  seven  boxes  each;  they  are  made 
of  two  long  rectangular  chambers  of  sheet  iron,  57  feet  long,  3|  feet 
wide,  and  4  feet  high;  these  are  kept  10  feet  apart  by  eight  openwork 
partitions  between  which  the  boxes  are  put,  and  when  fully  loaded 
they  are  almost  entirely  sunk  in  the  water.  Each  dredger  will  ulti- 
mately have  two  elevators,  one  on  each  bank,  and  will  get  out  a 
section  of  300  to  450  yards  length.  If  the  final  depth  of  the  canal  has 
to  be  excavated  in  three  or  four  stages,  the  dredger  will  go  np  and 
doAvn  the  length  so  many  times,  but  the  elevators  will  go  only  once. 

In  the  Suez  plain  there  was  some  difficulty  about  conveying  the 
dredgers  to  the  place  where  they  were  to  commence  work  npon  the 
line  of  the  maritime  canal,  and  it  was  impracticable  to  put  them 
together  on  the  spot.  They  are  therefore  put  together  and  tried  at 
Port  Said,  whence  they  are  brought  by  water  to  Ismailia,  and  so 
passed  into  the  freshwater  canal  by  the  two  locks  situated  there  ;  and 
they  are  then  conveyed  along  the  freshwater  canal  to  a  point  about 
5  miles  from  Suez.  At  this  point  has  been  excavated  a  sort  of  basin 
opening  into  the  freshwater  canal,  and  beyond  is  a  second  basin  serving 
as  a  lock  chamber ;  a  communication  is  made  between  the  two  basins, 


202  SUEZ    CANAL    DEEDGEES. 

and  tlie  dredgers  with  82  feet  slioots  are  floated  into  tlie  second.  They 
are  then  set  to  work  and  scoop  out  the  bottom  6  feet  deep  below  the 
sea  level,  and  the  comnmnication  between  the  two  basins  being 
stopped  and  the  water  allowed  to  escape  from  the  second  basin,  the 
dredgers  descend  to  their  final  level.  They  then  cnt  their  way  to  the 
line  of  the  maritime  canal  and  turn  north  and  south,  cutting  a  side 
trench  right  and  left,  along  which  the  dredgers  with  230  feet  shoots 
can  follow  and  complete  the  work. 

In  order  not  to  be  exposed  to  the  rise  and  fall  of  the  tide,  the  cut 
will  not  be  made  into  the  Red  Sea  until  the  works  are  sufficiently 
advanced  for  admitting  the  water  into  the  smaller  of  the  two  Bitter 
Lakes,  which  will  be  temporarily  shut  off  from  the  larger  one  by  a 
small  embankment  constructed  upon  the  ridge  that  forms  the  division 
between  the  two  lakes,  Fig.  2.  A  weir  will  then  be  put  up  at  the 
mouth  of  the  cut  at  Suez,  having  its  upper  surface  about  at  the  level 
of  mean  water,  and  fitted  with  sluices,  so  as  to  be  able  to  retain  the 
water  in  the  canal  up  to  the  required  level.  The  fall  of  the  tide 
would  otherwise  impede  the  working  of  the  dredgers. 

The  modes  of  working  already  described  are  those  employed  for 
cutting  the  canal  wherever  the  surface  of  the  soil  is  less  than  6  feet 
above  the  sea  level,  that  is,  over  a  section  about  56  miles  in  length, 
and  including  about  50  milhon  cubic  yards  of  excavation.  Of  this 
work  the  difierent  implements  have  the  following  shares  respectively 
allotted  to  them  :  dredgers  delivering  into  sea-going  ballast  lighters, 
13  million  cubic  yards;  dredgers  with  elevators,  6  milhon  cubic  yards ; 
dredgers  with  long  shoots,  31  million  cubic  yards. 

The  higher  ground  along  the  line  of  the  canal  comprises  the 
elevated  table-lands  of  Bl  Guisr  and  Serapeum  and  the  high  ground 
at  Chalouf,  Fig.  2.  For  the  excavation  at  El  Guisr,  a  cut  was 
originally  opened  by  hand  labour  to  a  level  somewhat  below  that  of 
the  sea,  and  this  cut  is  now  being  completed  to  the  full  width  in 
the  ordinary  way,  with  wagons  loaded  by  hand  and  drawn  by 
small  contractors'  locomotives ;  in  some  places  excavators  are  used 
for  loading  the  wagons.  This  portion  of  the  canal  will  then  be 
completed  by  dredgers   coming   up   from   Port    Said,    which    will 
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deliycr  their  spoil  into  lighters  with  flap  doors  at  the  bottom,  and 
these  will  empty  in  Lake  Timsah,  Figs.  1  and  2. 

The  lighters  with  bottom  doors  are  shown  in  Figs.  21,  22,  and  26, 
Plates  61  and  63 ;  they  are  108  fieet  long  with  23  feet  beam, 
carrying  160  cubic  yards  of  spoil,  and  drawing  5  feet  of  water. 
They  are  fitted  with  twin  screws  and  a  pair  of  cylinders 
placed  end  to  end;  the  engines  work  at  high  pressure  without  a 
condenser,  with  a  tubular  boiler  at  120  lbs.  pressure,  using  only  fresh 
water.  Wliether  loaded  or  light  they  make  good  a  speed  of  3  to  3 J 
miles  an  hour,  and  although  made  specially  for  lake  work  they  can 
put  to  sea.  Their  construction  is  simple  and  economical ;  and  it  is 
found  that  high  pressure  engines  are  preferable  to  those  of  a  medium 
pressure,  as  being  simpler,  lighter,  and  easier  to  keep  in  working 
order,  and  consequently  more  to  be  rehed  on  for  continuous  work. 

For  the  Serapeum  cutting,  Figs.  1  and  2,  there  is  no  means  of 
bringing  the  dredgers  and  lighters  in  at  the  northern  end  direct  from 
the  Mediterranean,  as  at  El  Guisr  ;  and  they  are  therefore  got  upon 
the  line  of  Avork  by  a  similar  plan  to  that  already  described  in  the 
case  of  the  Suez  plain,  by  cutting  a  channel  from  the  freshwater 
canal  to  the  line  of  the  maritime  canal.  As  the  level  of  the 
freshwater  canal  is  20  feet  above  the  sea  level,  it  is  not  possible 
in  this  case  for  the  ballast  lighters  to  empty  into  Lake  Timsah 
until  the  cutting  has  been  excavated  down  to  6  feet  below  the  sea 
level ;  and  for  depositing  the  spoil  it  was  therefore  decided  to  take 
advantage  of  three  natural  hollows  which  were  found  to  extend 
transversely  right  and  left  of  the  line  of  the  maritime  canal,  being 
fonned  by  the  undulations  of  the  ground.  By  embanking  these 
hollows  at  suitable  points,  and  then  filling  them  with  water  from  the 
freshwater  canal,  shallow  lakes  are  formed,  of  sufficient  capacity  to 
receive  from  the  ballast  Hghters  all  the  spoil  excavated  by  the 
dredgers  down  to  a  depth  of  26  feet  below  the  freshwater  canal  or 
6  feet  below  the  sea  level.  When  the  bottom  of  the  cutting  has  been 
lowered  to  this  depth,  the  communication  with  the  freshwater  canal 
will  be  shut  off",  and  the  water  allowed  to  run  out  into  Lake  Timsah ; 
the  dredgers  A\all  then  begin  again  and  work  out  the  canal  bed  to  its 
final  level,  the  ballast  lighters  discharging  in  Lake  Timsah. 
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For  emptying  the  spoil  in  the  shallow  water  of  the  temporary- 
freshwater  lakes,  it  became  necessary  to  seek  some  new  arrangement 
by  which  the  ballast  lighters  could  discharge  in  a  very  shallow  depth ; 
and  the  lighters  constructed  with  flap  doors  at  the  sides  are  found 
fully  to  answer  this  purpose.  These  lighters  are  shown  in  Eigs.  23, 
24,  and  27,  Plates  62  and  63,  and  are  106  feet  long.  The  well  A  A  is 
65  feet  long,  and  is  divided  into  two  portions  by  a  longitudinal  air 
chamber  B,  Fig.  27,  of  a  triangular  section  ;  the  bottom  of  the  boat, 
which  is  flat,  forms  the  longest  side  of  the  triangle,  and  the  vertex  of 
the  triangle  is  about  level  with  the  gunwales.  The  well  A  A  is  also 
divided  across  by  five  partitions  into  twelve  compartments  ;  the  sides 
of  the  lighter  are  mclined  shghtly  outward  towards  the  top,  and  the 
flap  doors  of  the  compartments  are  hinged  at  the  top ;  these  doors 
are  4  feet  high.  The  winches  working  the  doors  are  inside  the  air 
chamber  B,  which  is  entered  from  both  ends  of  the  boat.  The 
engines  and  boilers,  which  are  the  same  as  those  on  the  other  lighters 
with  flap  doors  at  the  bottom,  are  in  a  compartment  at  the  stern. 
These  lighters  carry  from  100  to  120  cubic  yards,  and  draw  4  feet  of 
water. 

The  high  ground  at  Chalouf,  Fig.  2,  will  be  cut  through  dry,  and 
the  stufi" removed  with  barrows  and  wagons ;  these  latter  are  entirely  of 
iron,  and  hold  2J  cubic  yards  each.  This  portion,  when  excavated 
sufficiently  low  to  admit  the  water  from  the  Red  Sea,  will  be 
completed  with  dredgers  in  the  same  way  as  the  other  portions,  the 
spoil  being  discharged  in  the  smaller  of  the  two  Bitter  Lakes  by 
ballast  Hghters  with  bottom  doors.  The  sand  on  the  previous 
portion  of  the  canal  was  found  to  be  completely  impermeable  to 
water  when  a  certain  depth  was  wetted  ;  but  the  same  is  not  the 
case  here,  as  in  the  Suez  plain  the  soil  is  clayey,  mixed  with  some 
beds  and  pockets  of  sand.  It  has  therefore  been  necessary  to  put 
up  centrifugal  pumps  to  keep  the  water  under  in  the  cutting,  as  the 
leakage  is  considerable  from  the  freshwater  canal,  which  is  here  at 
only  a  very  short  distance  from  the  maritime  canal.  This  water  is 
run  back  into  the  smaller  of  the  two  Bitter  Lakes. 
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To  keep  the  numerous  dredgers  and  engines  in  working  order 
there  are  large  shops  at  Port  Said,  and  ten  small  shops  on  the 
different  sections.  In  reference  to  the  repairs,  it  may  be  mentioned 
that,  in  the  first  dredgers  used  at  Port  Said,  the  pins  of  the  bucket 
chain  were  made  some  of  iron,  others  of  soft  steel ;  but  when  working 
in  the  sand  a  pin  of  2  inches  thickness  was  found  to  be  completely 
worn  away  after  16,000  to  20,000  cubic  yards  had  been  got  out,  and 
three  or  four  days'  stoppage  was  required  to  put  in  a  new  pin.  The 
wages  alone  for  the  dredgers  however  amount  to  about  £4>  per  day, 
with  another  £4  to  £6  for  the  bargemen  of  the  ballast  boats,  making 
a  loss  of  about  £8  to  £10  per  day,  when  they  were  stopped ;  and 
4000  cubic  yards  would  have  been  excavated  during  the  three  days. 
Pins  2 1  inches  diameter  with  triangular  heads  were  then  made  of  the 
hardest  possible  steel ;  the  head  is  fixed  in  the  double  link,  as  shown 
in  Figs.  7  to  11,  Plate  54,  so  that  the  single  link  takes  all  the  wear, 
the  eye  being  bushed  with  the  hardest  steel.  After  a  certain  time 
the  pins  are  turned  round  one-third,  and  48,000  cubic  yards  can  now 
be  excavated  without  turning  the  pin. 

The  upper  tumblers  of  the  dredgers,  shown  in  Figs.  12  to  14, 
Plates  55  and  56,  are  made  of  cast  iron,  the  arrises  being  steel ;  and 
sometimes  these  had  to  be  replaced  twice  a  month,  which  was  a 
work  of  three  or  four  days  each  time.  These  angle  pieces,  which 
had  to  be  drilled  and  fastened  on,  have  now  been  replaced  therefore 
by  a  simple  square  steel  bar  A  A  at  each  of  the  four  corners,  passed 
through  the  flanges  B  B  of  the  tumbler,  and  secured  by  a  key  C. 
Each  of  the  four  wearing  faces  of  the  tumbler  is  also  protected  by  a 
steel  plate  D  D,  let  in  with  a  dovetail  and  secured  by  screws. 

The  following  observations  have  been  made  as  to  the  manner  in 
which  the  different  sorts  of  spoil  pass  down  the  shoots  of  the 
dredgers.  The  fine  sands,  which  are  the  only  sands  met  with,  pass 
easily  down  a  shoot  inclined  1  in  20  or  25,  if  mixed  with  a  quantity 
01  water  equal  to  about  half  their  own  bulk.  When  the  shoot  has 
a  less  inclination  than  1  in  25,  the  water  separates  from  the  sand, 
which  is  thus  deposited  all  along  the  shoot  in  layers  of  continually 
increasing  thickness  ;  the  addition  of  a  larger  quantity  of  water  does 
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not  seem  to  have  any  effect,  and  it  is  necessary  to  stir  it  np  with  a 
sliovel.  When  the  sand  contains  any  shells,  they  are  deposited  in 
the  shoot  even  with  an  inclination  of  1  in  20,  notwithstanding  their 
lightness ;  and  create  round  them  deposits  of  sand,  which  continually 
increase,  and  have  to  be  got  rid  of  with  shovels,  or  better  still  by 
increasing  the  inclination  of  the  shoot.  In  this  case  again  an 
increased  quantity  of  water  is  not  so  efficacious  as  increasing  the 
inclination  of  the  shoot.  Different  degrees  of  fineness  and  muddiness 
in  the  sand,  and  different  sections  more  or  less  flattened  of  the  shoots, 
require  different  inclinations  of  shoot. 

The  top  of  the  spoil  bank  has  the  same  width  as  the  extent  of 
side  motion  of  the  dredger.  The  inner  slope  is  more  or  less  steep 
according  to  the  means  used  to  support  it ;  the  outer  slope,  if  the  top 
of  the  bank  is  high  and  the  spoil  has  but  little  height  to  fall  from  the 
end  of  the  shoot,  varies  from  1  in  16  to  1  in  25.  The  more  muddy 
the  sand  is  the  gentler  is  the  slope.  When  the  top  of  the  bank  is  low, 
and  consequently  the  spoil  falls  from  a  greater  height,  the  outer  slope 
is  gentler  still.  The  sand  when  got  out  occupies  only  2  or  3  per 
cent,  more  cubic  space  than  in  the  solid. 

Mud  behaves  very  m.uch  like  sand,  if  it  is  sufficiently  soft  to  mix 
with  water ;  and  it  will  then  pass  doTVTi  a  shoot  set  with  scarcely 
any  perceptible  inclination.  The  very  softest  mud,  such  as  that  got 
out  of  the  old  channels  previously  cut  through  the  clay  ground,  does 
not  require  the  addition  of  any  water  in  the  shoot.  With  clay  it  is 
quite  different ;  the  addition  of  water  washes  away  only  a  very  small 
quantity  of  the  material,  and  hardly  breaks  up  the  lumps  at  all.  If 
each  lump  of  clay  were  to  slide  perfectly  straight  down  the  shoot,  all 
would  work  well ;  most  commonly  however  a  lump  winds  about  and 
soon  stops,  and  the  contents  of  the  next  bucket  then  drive  it  on  5  or 
10  feet,  and  the  whole  increases  the  block.  Others  come  after  and 
increase  the  stoppage,  till  the  mass  gets  12  or  16  inches  in  thickness 
and  reaches  to  the  top  end  of  the  shoot,  when  the  contents  of  the 
succeeding  buckets  seem  to  break  it  up,  and  the  mass  descends  quietly 
and  regularly  in  pieces  of  about  3  to  6  feet  length.  The  shoots  for 
clay  are  inclined  from  1  in  12  to  1  in  16.  With  an  inclination  of  1  in 
20  the  lower  end  gets  choked,  which  tilts  that  end  of  the  shoot  down 
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and  empties  it,  the  work  being  thus  carried  on  intermittently ;  with  an 
inchnation  of  1  in  12  to  14  the  work  is  more  regular.  When  the  clay 
is  mixed  with  sand,  the  surface  acts  like  a  rasp,  because  the  water 
washing  away  the  clay  makes  the  grains  of  sand  more  prominent 
and  cutting,  and  thus  seems  to  be  rather  detrimental.  This  is  also 
the  case  when  the  buckets  bring  up  hard  clay  and  mud ;  the  mud 
lubricates  the  clay  and  makes  it  run  down  more  easily,  whereas  the 
water  only  washes  the  mud  away. 

In  short,  experience  has  shown  that  whilst  a  considerable  supply 
of  water  must  be  added  to  sand,  it  is  not  so  for  mud  or  clay,  to  which 
only  just  enough  water  must  be  added  for  moistening  tlie  mass.  Jets 
of  water  have  not  given  good  results ;  they  merely  wash  down  the 
points  against  which  they  are  directed,  and  do  not  break  up  the 
lumps.  The  simplest  and  most  convenient  plan  has  been  to  put  up  a 
foot-way  along  the  side  of  the  shoot,  and  keep  three  or  four  men  at 
work  with  scrapers  to  prevent  its  choking.  In  the  long-shoot  dredgers, 
with  shoots  of  230  feet  length,  an  endless  travelling  chain  is  employed, 
as  shown  in  Fig.  5,  driven  by  the  engine  and  furnished  with  a  series 
of  scrapers  to  carry  the  clay  down  the  shoot.  Generally  the 
greatest  difficulty  with  all  kinds  of  spoil  is  in  passing  the  first  40  or 
50  feet  length  of  the  shoot ;  Avhen  once  the  material  has  passed  this 
with  any  given  inclination,  it  continues  moving  on  down  the  same 
inclination  T\dthout  fui'ther  difficulty. 


The  President  mentioned  that  M.  Borel  had  just  returned  direct 
from  Egypt,  and  was  therefore  able  to  give  the  latest  information 
about  the  progress  of  the  works  for  the  canal. 

M.  Borel  said  that  he  had  just  been  spending  three  months  on 
the  Suez  Canal  works,  and  had  left  there  his  partner  M.  Lavalley, 
by  whom  the  whole  of  the  mechanical  appliances  for  the  construction 
of  the  canal  had  been  specially  designed  for  the  purpose.    The  Avorks 
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of  the  canal  were  contracted  for  as  long  as  2|  years  ago,  but  two 
years  were  occupied  in  designing  mechanical  means  for  excavating 
the  canal  and  in  constructing  the  machines  and  conveying  them  to 
Egypt  and  getting  them  to  work ;  and  he  was  happy  to  be  able  to 
state  that  the  whole  of  the  machinery  on  the  canal  had  now  been  at 
work  for  more  than  six  months  with  complete  success  in  all  respects. 
The  greatest  difficulty  had  been  to  convey  the  various  machines  to 
the  places  where  they  had  to  work,  because  it  was  necessary  to  have  a 
channel  of  at  least  50  to  65  feet  width  at  the  water  line  and  6  feet  depth 
of  water.  The  Mediterranean  waters  already  extended  inland  in  the 
first  instance  through  Lake  Menzaleh  and  Lake  Ballah,  and  by 
means  of  an  excavation  made  by  hand  labour  had  now  been  admitted 
into  Lake  Timsah ;  this  lake,  which  was  previously  dry,  extended  to 
a  distance  of  50  miles  from  the  Mediterranean.  A  channel  of  the 
required  depth  and  width  was  then  dredged,  and  the  machines  and 
materials  were  thus  brought  up  as  far  as  Ismailia,  the  head  quarters 
of  the  works  and  about  half  way  to  Suez.  They  were  here  raised 
by  means  of  two  sluices  to  the  level  of  the  freshwater  canal,  which 
extended  all  the  rest  of  the  way  to  Suez  ;  and  from  this  canal  three 
junctions  were  made  with  the  line  of  the  maritime  canal,  one  at 
Serapeum,  another  at  Chalouf,  and  the  third  in  the  middle  of  the" 
plain  between  Chalouf  and  Suez.  There  were  now  40  dredgers  at 
work  upon  the  canal,  and  the  ultimate  number  would  be  60,  each 
excavating  from  30,000  to  40,000  cubic  yards  per  month. 

The  situation  of  Port  Said  had  been  chosen  for  the  northern 
extremity  of  the  canal,  on  account  of  the  water  deepening  there 
more  rapidly  than  at  other  parts  of  the  coast,  which  was  very  flat ; 
even  at  Port  Said  the  depth  necessary  for  the  passage  of  the  largest 
ships  was  only  reached  at  a  distance  of  about  2 '2  miles  from  the 
shore.  For  forming  a  harbour  for  ships  at  the  mouth  of  the  canal, 
two  jetties  were  being  constructed  at  an  inclination  to  each  other,  of 
which  the  western  was  intended  to  be  2  miles  long,  and  the  eastern 
jetty  1*6  mile.  There  was  no  stone  to  be  found  in  the  neighbourhood, 
but  abundance  of  sand,  which  was  mixed  with  lime  brought  from 
France  ;  and  for  the  construction  of  the  jetties  cubical  blocks  were 
made  of  this  mortar  or  cement,  each  of  20  tons  weight,  which  were 
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carried  out  to  sea  in  boats  and  sunk  at  the  required  spot.  The  west 
jetty,  which  was  most  exposed  to  the  wind,  was  at  present 
1"4  mile  long,  and  the  other  was  0*6  mile  long ;  the  works  were  going 
on  very  regularly,  the  number  of  blocks  put  in  place  being  from 
600  to  700  per  month,  representing  about  9000  cubic  yards.  The 
total  cubic  content  of  the  two  jetties  would  be  333,000  cubic  yards,  of 
which  more  than  one  half  was  already  completed ;  and  at  the  present 
rate  of  progress,  9000  cubic  yards  per  month,  it  was  expected  that 
the  jetties  would  be  completed  mthin  eighteen  months'  time.  All 
along  the  inner  side  of  the  west  jetty  a  channel  had  already  been 
di-edged  to  a  Avidth  of  330  feet  and  18  to  20  feet  depth ;  and  at  the 
inner  end  of  the  port  an  area  of  50,000  square  yards  had  been 
dredged  to  the  same  depth,  forming  a  harbour  which  received  all  the 
vessels  that  brought  materials  and  coal  to  supply  the  works. 

Leaving  Port  Said  and  proceeding  southw^ards  to  El  Ferdane 
through  Lake  Menzaleh  and  Lake  Ballah,  this  length  of  the  canal 
would  be  completed  by  the  dredgers  with  long  shoots,  of  which  six  or 
seven  had  already  been  at  work  for  the  last  two  or  three  months,  and 
fourteen  more  were  in  course  of  construction,  and  were  expected  to 
be  ready  for  work  before  the  end  of  the  present  year.  The  dredgers 
at  present  at  work  were  the  original  ones  with  which  the  first  trials 
of  dredging  had  been  made  on  this  portion  of  the  canal,  the  spoil 
being  then  carried  out  to  sea  by  the  ballast  lighters ;  and  the  long 
shoots  were  afterwards  added  for  depositing  the  spoil  on  either 
bank  in  the  parts  of  the  canal  distant  from  the  sea.  These 
dredgers  had  given  very  satisfactory  results,  and  the  last  report 
just  received  from  the  canal  stated  that  one  of  them  had  excavated 
no  less  than  58,000  cubic  yards  in  the  single  month  from 
15  April  to  15  May,  the  whole  of  the  spoil  being  deposited  upon  the 
banks  in  its  final  position,  so  as  not  to  require  any  further  shifting. 
The  natural  slope  taken  by  the  spoil  when  deposited  on  the  banks 
was  very  regular,  and  the  spoil  itself  was  extremely  soft,  so  that  it 
spread  over  a  large  surface ;  and  the  height  of  the  spoil  banks  was 
therefore  not  so  great  as  it  had  been  feared  beforehand  would  be 
requisite.  At  the  same  time  if  circumstances  should  ever  occur 
requiring  the  canal  to  be  widened,  it  would  be  easy  to  do  this  to  a 
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considerable  extent  without  again  moving'  the  present  deposits  of 
spoil,  because  in  this  first  length  of  S7  miles  the  crests  of  the  spoil 
banks  were  nearly  400  feet  apart,  the  material  being  deposited  in 
that  position  by  the  dredgers  themselves  by  means  of  the  long  shoots. 
In  several  portions  of  this  part  of  the  canal  the  dredgers  were 
supplied  with  elevators  for  depositing  the  spoil  on  the  banks  where 
the  ground  was  too  high  for  the  dredgers  with  long  shoots.  Eight  of 
these  elevators  were  at  present  in  use,  and  they  were  found  to  work 
very  steadily,  notwithstanding  the  great  length  of  the  overhanging 
end.  The  number  of  boxes  discharged  by  one  elevator  was  from 
15  to  20  per  hour,  making  from  600  to  800  cubic  yards  of  spoil 
raised  and  deposited  by  each  elevator  in  every  twelve  hours. 

At  El  Guisr  the  first  great  cutting  was  met  with,  which  was 
being  excavated  down  to  the  water  level  like  an  ordinary 
cutting  by  manual  labour,  the  spoil  being  carried  away  in  wagons 
by  locomotive  engines.  Two  thirds  of  this  work  had  already  been 
done,  or  about  7  million  cubic  yards,  leaving  about  3  million  cubic 
yards  remaining  to  be  done,  which  would  be  completed  do^vn  to 
the  water  level  in  less  than  one  year ;  and  the  channel  of  the 
canal  itself  would  then  be  excavated  below  the  water  line  by  the 
dredgers.  There  was  already  a  water  channel  extending  along  the 
whole  of  this  length  into  Lake  Timsah,  the  width  of  the  channel 
being  50  to  65  feet  and  the  depth  of  water  5  or  6  feet,  so  that  it  was 
large  enough  to  allow  the  passage  of  the  dredgers  and  ballast 
lighters.  The  spoil  from  the  dredgers  would  be  discharged  by  the 
lighters  in  Lake  Timsah,  which  although  not  very  extensive  in  area 
was  deep  enough  to  receive  the  whole  amount  of  spoil  that  had  to 
be  excavated  in  this  length  of  the  canal.  The  total  capacity  of  the 
lake  was  about  130  million  cubic  yards,  and  the  spoil  w^ould  be 
deposited  at  a  distance  from  the  line  of  the  canal,  excepting  where 
a  short  length  of  embankment  had  to  be  made  in  the  lake  ;  and 
along  the  whole  length  of  the  canal  through  the  lake,  dredging 
would  be  required  to  complete  the  channel  of  the  canal  to  the  proper 
depth. 

The  next  length  of  the  canal  was  that  extending  from  Lake 
Timsah  to  the  Bitter  Lakes  through  the  table-land  of  Serapeum. 
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On  this  portion  of  the  work  hand  labour  was  at  first  employed ;  but 
when  the  fellahs  were  withdrawn  by  the  Egyptian  Government,  it 
became  necessary  to  employ  mechanical  means  by  having  recourse  to 
the  dredgers,  and  these  had  been  found  both  more  economical  and 
more  reliable.  As  the  surface  of  the  ground  however  was  at  an 
average  level  of  about  23  feet  above  the  sea,  some  plan  had  to  be 
devised  for  transporting  the  dredgers  and  the  ballast  lighters,  and 
enabhng  them  to  be  got  to  work  at  different  points  along  the  line  of 
the  maritime  canal ;  and  this  had  now  been  successfully  accomplished 
in  the  folloTN^ng  manner,  by  taking  advantage  of  the  freshwater 
canal,  which  had  previously  been  extended  from  Ismailia  to  Suez. 
On  examining  the  intended  course  of  the  maritime  canal  through  the 
table-land  of  Serapeum,  it  was  found  that  there  were  several 
undulations  in  the  surface  of  the  ground,  running  transversely  to 
the  hne  of  the  canal,  which  by  the  construction  of  several  small 
embankments  and  by  introducing  the  water  from  the  freshwater 
canal  were  converted  into  artificial  lakes,  with  a  depth  ranging 
to  7  or  10  feet  below  the  water  level  of  the  freshwater  canal. 
This  water  level  was  20  feet  above  the  sea  level,  or  3  feet  below  the 
surface  of  the  ground  along  the  course  of  the  freshwater  canal ;  and 
small  branches  of  65  feet  width  and  7  feet  depth  being  then  excavated 
by  hand  labour  from  the  freshwater  canal  to  each  of  the  artificial 
lakes,  these  were  thus  filled  with  water  to  a  level  of  20  feet  above 
the  sea.  The  dredgers  and  ballast  lighters  were  then  raised  from 
the  sea  level  into  the  freshwater  canal  by  the  sluices  at  Ismaiha,  and 
brought  along  into  each  of  these  artificial  lakes,  where  the  dredgers 
were  set  to  work  excavating  the  course  of  the  maritime  canal  which 
communicated  ^vith  the  lakes.  The  spoil  was  deposited  in  the  lakes 
by  the  lighters,  and  it  was  for  this  portion  of  the  work  that  the 
lighters  with  side  doors  had  been  constructed,  so  as  to  allow  of 
discharging  the  spoil  in  the  very  shallow  water  of  these  artificial 
lakes.  The  capacity  of  the  artificial  lakes  was  sufficient  for 
depositing  in  them  the  whole  of  the  spoil  excavated  from  this  length 
of  the  maritime  canal  down  to  7  feet  below  the  sea  level.  As  the 
dredgers  excavated  to  a  depth  of  2  7  feet  below  the  surface  of  the 
water,  they  would  thus  be  enabled  to  complete  the  whole  of  the 
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Serapeum  portion  of  the  canal  to  a  depth  of  7  feet  below  the  sea 
level ;  and  when  this  had  been  done,  the  communication  with  the 
sea  water  would  be  made  at  the  northern  end,  while  that  with  the 
freshwater  canal  would  be  closed ;  the  dredgers  and  hghters  would 
then  remain  still  afloat  in  7  feet  depth  of  water,  and  would  be  ready 
to  proceed  at  once  with  the  excavation  of  the  channel  for  the  canal 
to  the  final  depth,  the  spoil  being  then  carried  to  Lake  Timsah. 
By  this  plan  of  operations  the  entire  excavation  of  the  canal  through 
the  Serapeum  table-land  was  now  being  accomplished  by  means 
of  dredgers  and  lighters  brought  up  from  the  Mediterranean,  and 
transported  by  water  the  whole  distance  to  the  very  spot  where  they 
were  required  to  be  put  to  work. 

The  Bitter  Lakes,  through  which  the  line  of  the  canal  next 
passed,  were  already  sufficiently  below  the  sea  level  to  require  no 
further  deepening,  except  at  the  two  ends  and  in  the  part 
that  had  formed  the  southernmost  and  smaller  of  the  two 
lakes.  In  this  part  and  in  the  cutting  of  Chalouf  it  had.  been  found 
more  advantageous  to  excavate  by  hand  labour  than  by  mechanical 
means.  When  the  fellahs  were  taken  away  by  the  Government,  it 
was  thought  at  fi.rst  that  there  would  be  a  very  small  number  of 
workmen  to  be  had,  and  that  it  would  be  necessary  to  do  the  entire 
work  by  means  of  machines  ;  but  this  was  found  not  to  be  the  case, 
and  there  were  now  about  10,000  men  at  work  on  the  whole  line 
of  the  canal,  principally  from  Egypt,  Greece,  and  Syria;  it  had 
therefore  not  been  necessary  to  go  to  the  trouble  and  expense  of 
constructing  special  machines  for  excavating  in  the  dry  ground 
at  Chalouf.  Another  consideration  in  favour  of  preferring  hand 
labour  was  that  a  quantity  of  rock  had  been  met  with  at  this  place, 
which  was  too  hard  to  be  cut  through  by  dredger  buckets  in  a 
sufficiently  short  time.  The  cutting  was  now  considerably  advanced, 
and  there  were  at  the  present  time  fifteen  or  sixteen  inclined  planes, 
up  which  the  loaded  wagons  were  drawn  by  drums  at  the  top  worked 
by  portable  engines,  and  the  spoil  was  deposited  on  each  side  of  the 
cutting. 

From  Chalouf  to  Suez  the  canal  was  being  excavated  by  the 
dredgers  with  long  shoots  and  others  with  elevators.    On  account  of 
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the  tides  in  the  Red  Sea,  the  communication  of  the  canal  with  the  sea 
at  Suez  was  not  intended  to  be  opened  at  present,  as  the  variation  in 
the  level  of  the  water  would  interfere  with  the  working  of  the 
dredgers  ;  this  last  length  of  the  canal  was  therefore  filled  with  water 
from  the  freshwater  canal,  through  channels  excavated  by  manual 
labour,  along  which  also  the  dredgers  and  elevators  were  brought 
from  the  Mediterranean.  This  arrangement  had  the  advantage  of 
floating  the  dredgers  6  feet  above  the  sea  level,  thereby  enabling  the 
dredgers  wdth  long  shoots  to  be  employed  over  a  greater  extent  of 
work  than  would  otherwise  have  been  the  case,  while  at  the  same 
time  fewer  elevators  were  required. 

In  selecting  the  point  for  the  entrance  of  the  canal  into  the  Red 
Sea  at  Suez,  some  difficulty  was  experienced  at  first,  because  the 
borings  showed  the  presence  of  a  large  quantity  of  rock,  a  sort  of 
sandstone.  By  subsequent  borings  how^ever  a  line  more  to  the  east 
was  at  length  found  completely  free  from  rock,  so  that  the  ground 
could  be  excavated  by  the  dredgers.  At  the  port  of  Suez  the 
natural  ground  was  very  solid,  and  was  therefore  not  liable  to  be 
washed  away.  For  this  mouth  of  the  canal  no  great  works  were 
required,  and  there  were  no  jetties  to  construct,  except  a  short  jetty 
to  protect  the  harbour  from  the  south  winds ;  a  large  embankment 
was  to  be  made  on  one  side  of  the  channel  for  the  docks  and  various 
buildings  required  by  the  future  traffic  of  the  canal.  The  width  of 
the  channel  was  increased  at  the  mouth  from  330  to  1000  feet,  so  as 
to  afford  a  large  entrance  for  ships. 

The  various  machines  employed  upon  the  entire  line  of  the  works 
had  now  all  been  in  operation  for  a  sufficient  length  of  time  to  allow 
of  a  correct  estimate  being  formed  as  to  their  capabilities,  which  had 
proved  even  greater  than  had  been  hoped  beforehand ;  and  he  had 
therefore  no  doubt  that,  from  the  present  rate  of  progress,  the  whole 
canal  would  be  completed  from  end  to  end  by  the  close  of  1869, 
provided  that  no  financial  difficulties  interfered  to  delay  the  work. 
During  the  past  few  months  the  works  had  been  visited  by  a  great 
number  of  persons  returning  from  India,  among  whom  were  many 
military  engineers,  who  had  expressed  great  satisfaction  at  the  very 
successful  manner  in  which  the  operations  were  being  performed  by 
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the  various  appliances  now  in  use,  and  at  tlie  practical  solution  wMcli 
had  thus  been  arrived  at  of  the  many  difficulties  encountered  in  this 
most  important  undertaking. 

Mr.  C.  CocHEANE  enquired  whether  there  had  been  any  difficulty 
in  excavating  the  channel  of  the  canal  through  Lake  Menzaleh,  from 
the  mud  flowing  in  again  on  both  sides  as  fast  as  it  was  excavated  by 
the  dredgers,  in  consequence  of  the  ground  being  entirely  submerged 
below  the  water  level ;  and  he  enquired  whether  it  had  been  necessary 
to  construct  barriers  below  water  along  the  course  of  the  canal, 
before  the  excavation  of  the  channel  was  commenced  by  the  dredgers. 
He  asked  also  whether  there  was  mud  in  the  Bitter  Lakes,  or  whether 
they  were  quite  dry  to  the  very  bottom. 

M.  BoEEL  replied  that  there  was  no  mud  in  the  Bitter  Lakes, 
but  the  bottom  of  the  lakes  was  a  bed  of  salt,  overlying  a  stratum  of 
gypseous  clay;  the  bottom  was  perfectly  dry,  although  the  whole 
length  of  the  lakes  was  below  the  sea  level.  In  Lake  Menzaleh, 
through  which  the  canal  passed  for  a  length  of  nearly  30  miles, 
a  large  quantity  of  mud  had  been  deposited  from  the  waters  of  the 
Nile  flowing  through  the  lake,  forming  a  layer  of  light  and  soft  mud 
of  about  2  feet  thickness  along  the  line  of  the  canal ;  and  under  this 
was  found  the  original  bottom  of  sand  and  mud,  of  variable  hardness. 
In  excavating  the  first  shallow  channel  through  the  lake,  to  form  the 
means  of  transport  from  Port  Said  to  Ismailia,  this  mud  had  to  be 
removed  by  hand  labour,  the  men  working  breast-high  in  the  water  ; 
and  when  the  spoil  was  deposited  too  near  the  channel,  it  was  found  to 
spread  considerably  and  force  back  the  soft  mud  into  the  excavation, 
so  that  the  spoil  banks  had  to  be  removed  further  from  the  line  of 
the  canal.  At  the  present  time  however  the  dredgers  were  working 
in  the  old  ground  underneath  the  mud,  and  several  of  them  had 
already  reached  a  depth  of  16  to  20  feet.  The  natural  slope  of  this 
ground  was  found  to  be  generally  1  in  2 1^  or  1  in  3  ;  but  in  some 
places  it  was  as  much  as  1  in  1,  and  occasionally  the  earth  was  so 
hard  and  firm  that  it  would  stand  with  the  sides  quite  vertical.  A 
certain  amount  of  variation  had  therefore  been  allowed  in  the  slope 
of  the  canal  banks,  according  to  the  variable  hardness  of  the  earth  at 
different  places.     No  difficulty  had  been  experienced  in  maintaining 
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the  canal  slopes  afterwards,  as  tliey  were  found  to  stand  perfectly 
sound  when  originally  executed  at  the  proper  inclination. 

Capt.  F.  Beaumont  enquired  whether  any  special  means  had  been 
proposed  for  preventing  the  canal  from  becoming  choked  up  by  the 
sand  deposited  in  it  from  sand  storms,  or  whether  it  was  considered 
that  ordinary  dredging  would  be  sufficient  for  the  purpose  of  keeping 
the  channel  open. 

M.  BoREL  replied  that  the  only  portions  of  the  canal  where  there 
was  loose  sand  which  could  be  blown  about  by  the  wind  were  the 
cuttings  at  El  Guisr  and  Serapeum.  At  this  part  there  were  hills  of 
sand,  some  of  them  about  one  mile  in  length,  making  up  altogether 
probably  about  ten  miles  length  along  the  course  of  the  canal. 
From  Serapeum  to  Suez  there  were  no  sand  hills,  the  ground  being 
composed  of  clay  mixed  wath  gypsum.  A  certain  quantity  of  sand 
was  put  in  motion  by  the  strong  winds ;  but  the  sand  storms  were 
very  rare,  and  the  actual  quantity  of  sand  in  them  was  not  great, 
as  a  cloud  of  sand  which  would  be  formidable  enough  to  travellers 
would  not  deposit  a  sufficient  quantity  of  sand  in  the  canal  to  produce 
any  inconvenience  to  the  traffic.  The  length  of  canal  exposed  to  the 
action  of  sand  storms  was  only  about  ten  miles,  and  the  whole  amount 
of  excavation  along  that  length  was  about  20  million  cubic  yards. 
The  quantity  of  sand  moved  by  the  winds  on  a  length  of  five  miles 
in  the  northern  portion  of  the  El  Guisr  cutting  was  found  to  be  only 
about  40,000  cubic  yards  in  the  space  of  two  years  ;  and  upon  a 
measured  length  of  one  mile  in  the  Serapeum  cutting,  it  had 
been  found  that  the  total  deposit  of  sand  in  the  canal  during  one  year 
amounted  to  not  more  than  32,000  cubic  yards.  When  it  was 
considered  that  each  dredger  would  excavate  400,000  cubic  yards 
in  a  year,  it  was  evident  that  the  two  or  three  dredgers  intended  to  be 
kept  permanently  at  work  on  the  canal  would  be  amply  sufficient  to 
clear  out  all  the  sand  which  might  happen  to  be  drifted  into  it. 

Mr.  R.  Price  Williams  mentioned  that  a  plan  had  been 
successfully  employed  by  Mr.  Hawkshaw  in  Holland  for  removing 
the  spoil  from  excavations  in  very  light  ground,  by  mixing 
with  the  spoil  a  sufficient  quantity  of  water  to  render  the  whole 
go  fluid  that  it  could  be  forced  through  a  flexible  tube  over  the 
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embankment ;  and  the  tube  itself  was  carried  upon  a  timber  float,  so 
as  to  follow  the  variations  in  the  level  of  the  water.  This  arrangement 
had  the  advantage  of  obviating  the  necessity  for  long  shoots  to 
the  dredgers,  and  of  saving  power  in  discharging  the  spoil ;  and  he 
suggested  that  the  same  plan  might  perhaps  be  found  applicable 
on  the  Suez  canal,  in  the  dredging  of  the  embanked  portions. 

Mr.  R.  Mallet  enquired  whether  the  maritime  canal  opened  a 
communication  between  Lake  Menzaleh  and  the  Mediterranean  at  Port 
Said,  so  as  to  allow  the  Nile  water  entering  that  lake  to  flow  out 
thence  into  the  sea,  and  thus  to  deposit  its  mud  in  the  harbour. 

M.  BoREL  replied  that  the  canal  was  being  embanked  on  both 
sides  along  its  entire  length  through  Lake  Menzaleh,  but  the 
embankments  were  not  yet  sufficiently  advanced  to  keep  out  the 
water  of  the  lake  altogether,  and  there  was  at  present  therefore  an 
outlet  for  the  Nile  water  into  the  sea  through  the  harbour  of  Port 
Said.  As  fast  however  as  the  deepening  and  widening  of  the 
channel  was  advanced  by  the  dredgers,  the  embankments  were 
enlarged  and  consolidated  by  the  deposit  of  the  spoil ;  and  when 
they  were  completed  to  the  final  height,  the  water  in  the  lake  would 
be  entirely  cut  off"  from  the  harbour,  so  that  there  would  be  no 
possibility  of  any  deposit  from  the  Nile  in  the  harbour.  The 
temporary  section  of  channel,  65  feet  wide  by  7  feet  deep,  had  for 
some  time  been  completed  all  the  way  from  Port  Said  to  Lake 
Timsah,  and  by  this  means  together  with  the  freshwater  canal  the 
materials  were  now  conveyed  by  water  from  the  Mediterranean  to 
Suez  ;  there  was  thus  already  a  line  of  water  communication  entirely 
across  the  Isthmus,  in  one  half  of  which  the  channel  only  required 
deepening  and  widening  to  form  the  permanent  maritime  canal. 

Mr.  R.  Mallet  enquired  what  observations  had  been  made  in 
reference  to  the  sand  drifting  with  the  marine  currents  along  the 
Mediterranean  coast  eastward  or  westward  past  Port  Said,  and 
whether  it  was  found  to  be  brought  in  and  deposited  in  the  harbour 
in  any  states  of  the  wind. 

M.  BoREL  replied  that  the  prevailing  wind  at  Port  Said  was  from 
the  west,  and  all  along  that  pp^rt  of  the  Mediterranean  coast  there 
was  a  current  from  west  to  east,  which  continually  shifted  the  sand 
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forming  the  shore.  But  at  the  depth  of  26  to  30  feet,  which  was 
necessary  to  float  ships,  the  bottom  was  only  mud,  and  no  sand  was 
deposited  there.  Since  the  commencement  of  the  western  jetty,  the 
sand  had  gradually  accumulated  on  the  shore,  and  the  shore  had 
advanced  along  the  jetty  about  200  yards.  But  as  the  dip  of  the  shore 
was  at  the  same  time  increased  by  its  advance,  he  did  not  know 
whether  the  same  action  would  be  continued  much  further  along 
the  jetty^  or  whether  it  would  ever  reach  the  end  of  the  jetty.  Even 
if  this  should  be  the  case  however,  the  process  of  silting  up  by 
deposit  of  sand  was  so  slow  that  a  single  dredger  would  always  be 
able  to  keep  the  channel  clear  to  the  full  depth. 

Mr.  R.  Mallet  enquu^ed  whether  the  actual  diiFerence  of  level 
between  the  Mediterranean  and  the  Red  Sea  had  been  accurately 
determined  by  the  levelhngs  for  the  line  of  the  canal,  and  what  had 
been  found  to  be  the  amount. 

M.  BOREL  replied  that  the  level  of  the  Mediterranean  at  Port 
Said  was  found  to  be  about  12  or  15  inches  above  the  mean  level  of 
the  Red  Sea  at  Suez,  and  the  rise  and  fall  of  the  tide  at  Suez  was 
ordinarily  only  about  3  feet  above  and  below  the  mean  level ;  the 
highest  tide  under  the  equinoctial  wind  had  risen  to  4|  feet  above 
the  mean  level  or  about  3  feet  above  the  Mediterranean. 

The  President  moved  a  vote  of  thanks  to  M.  Borel,  which  was 
passed,  for  his  valuable  paper,  and  for  the  very  interesting  description 
which  he  had  given  of  the  present  state  of  the  works  along  the 
entire  course  of  the  canal  from  Port  Said  to  Suez. 


The  following  paper  was  then  read 
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DESCRIPTION  OF  A 
30-TON  HORIZONTAL  DUPLEX  HAMMER. 


By  Mr.  JOHN  KAMSBOTTOM,  of  Ckewe. 


The  Hammer  described  in  this  paper  arose  out  of  the  writer's 
behef  that  it  was  necessary  to  provide  some  means  more  powerful 
than  any  before  used  in  England,  and  at  the  same  time  convenient 
and  handy,  for  the  forging  of  steel  in  large  masses.  His  attention 
was  first  drawn  to  this  question  when  he  was  engaged  in  laying  out 
the  Bessemer  Steel  Works  of  the  London  and  North  Western 
Railway  at  Crewe.  The  first  intention  was  to  put  down  a  30-ton 
vertical  hammer  of  the  ordinary  kind;  but  as  this  would  have 
required  an  anvil  of  300  tons,  the  practical  difficulty  and  cost  of 
dealing  with  so  large  a  mass  suggested  to  the  writer  that  the 
principle  of  action  and  reaction  might  afford  a  solution  of  the  problem. 
Hence  arose  the  conception  of  two  hammers  acting  in  opposite 
directions ;  and  as  a  matter  of  convenience  it  seemed  better  to  lay 
them  on  their  side  and  cause  them  to  operate  horizontally  upon 
a  bloom  placed  between  them.  As  this  idea  grew  into  form  it 
appeared  to  present  advantages  both  in  economy  and  convenience 
siifflciently  important  to  warrant  the  construction  of  an  experimental 
hammer  of  10  tons.  This  when  brought  into  operation  proved  to 
possess  the  advantages  expected ;  and  in  consequence  the  writer 
designed  and  laid  down  the  30- ton  hammer  which  forms  the  subject 
of  the  present  paper. 

General  Description. — The  Duplex  Hammer  is  shown  in  Figs.  1  to  4, 
Plates  64  to  QQ,  and  consists  of  two  similar  cast-iron  blocks  A  A, 
forming  the  hammer  tups,  which  are  placed  with  their  heads  towards 
each  other  ;  each  is  mounted  on  eight  wheels,  and  connected  at  the 
hinder  end  by  a  piston-rod  B  to  a  piston  working  in  a  cylinder  C  of 
38  inches  diameter  and  42  inches  stroke.     Each  block  with  its  piston 
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and  rod  wciglis  30  tons.  The  steam  pipe  D  occupies  a  position 
midway  between  the  two  cyhnders  C  C,  and  two  branches  E  E  arc 
carried  from  it,  one  to  each  cyHnder,  so  that  each  receives  an  equal 
supply  of  steam.  The  mean  pressure  throughout  the  stroke  is  30 
tons  on  each  piston ;  and  the  effect  is  consequently  the  same  as  that 
which  would  be  produced  by  the  action  of  gravity  upon  the  hammer 
tups  thi'ough  a  fall  equal  in  length  to  the  stroke.  The  wheels  F  F 
run  on  steel-headed  rails,  bolted  down  upon  the  cast-iron  girders  G  Gr, 
on  the  liinder  ends  of  which  the  cylinders  rest  and  are  bolted  down 
by  their  flanges. 

Hammer  Tii2)s. — For  convenience  the  hammer  tups  are  each  cast 
in  two  pieces,  jointed  transversely  at  the  centre,  and  held  together 
by  two  wrought-iron  hoops  H  H  shrunk  on  bosses  cast  on  each  side 
of  the  half-tups  for  this  purpose.  Two  w^rought-iron  dowel  pins  I  I, 
Fig.  1,  4  inches  diameter  and  13  inches  long,  driven  half  their  length 
into  each  half  tup  in  a  longitudinal  direction,  prevent  any  independent 
side  play. 

Wheels. — The  Avheels  F  F  are  of  cast  iron,  chilled  on  the 
circumference  and  flanged ;  they  are  18  inches  diameter,  and  the 
centre  hole  is  6J  inches  diameter,  reduced  by  a  brass  bush  to  5j 
inches  diameter,  as  shown  in  Fig.  3  ;  they  run  loosely  on  Bessemer 
steel  axles,  w^hich  pass  right  through  the  bodies  of  the  tups.  These 
axles  are  5 J  inches  square  in  the  centre,  as  shown  in  Fig.  1,  and  are 
turned  at  the  ends  to  fit  the  w^heels,  the  journals  being  thus  5|:  inches 
diameter  and  15  inches  long.  The  holes  in  the  body  of  the  tups  are 
7  J  inches  square,  and  the  axles  are  secured  in  them  by  wood  packing 
J,  Fig.  3,  and  iron  w^edges  driven  in  at  each  end  of  the  holes  ;  this  is 
considered  better  than  bored  holes  and  an  absolutely  rigid  fit. 

Piston  Bods. — The  piston-rods  B  B  are  of  Bessemer  steel,  8  inches 
diameter.  They  each  carry  at  the  forward  end  a  head  K,  Fig.  1, 
16  inches  diameter  and  8  inches  long,  forged  solid  upon  the  rod,  as 
shown  to  a  larger  scale  in  Fig.  5,  Plate  67  ;  this  head  enters  a  hole 
in  the  hinder  end  of  the  tup  A,  16J  inches  diameter  and  18J  inches 
deep.  A  wrought-iron  washer-plate  L,  2  inches  thick,  is  passed 
along  the  piston-rod  from  the  other  end,  and  is  fastened  by  studs  to 
the  hinder  end  of  the  tup,  the  diameter  of  the  stud  cii^cle  being  21  f 
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inclies.  A  packing  of  india-rubber  l-Stli  inch  thick  and  wire-gauze  in 
alternate  layers  is  interposed  between  the  head  of  the  piston-rod  and 
the  tup ;  this  packing  is  8  inches  thick  in  front  of  the  head,  and 
3  inches  thick  behind,  between  the  head  K  and  the  washer-plate  L. 
One  of  Ramsbottom's  pistons  of  cast  steel  is  fastened  to  the  other 
end  of  the  piston-rod  in  the  ordinary  manner,  as  shown  in  Figs.  1 
and  2. 

Valve  Chests. — The  valve  chests  M  M,  Figs.  1,  2,  and  4,  are 
cylindrical,  and  are  shown  to  a  larger  scale  in  Figs.  6  and  7,  Plate  68 ; 
they  are  both  on  the  same  side  of  the  hammer,  so  that  the  cylinders 
are  right  and  left  handed.  The  valves  N  N  are  the  ordinary 
cylindrical  valves,  turned  to  fit  accurately  in  the  chests.  The  ports 
consist  of  holes  1  inch  wide  by  If  inch  long,  placed  in  a  circle  all 
round  the  valve  chest,  as  shown  to  a  larger  scale  in  Fig.  8  ;  thus  an 
area  of  36  square  inches  is  obtained  with  a  length  of  valve  stroke  of 
only  3|  inches.  The  steam  pipe  E  is  brought  vertically  upwards 
under  the  valve  chest,  which  it  joins  in  the  centre  of  the  bottom  side. 
One  of  the  lengths  of  this  pipe  has  a  horizontal  branch  0,  containing 
a  counterpoising  lever  P;  a  link  Q  fastened  to  the  short  arm  of 
the  lever  passes  vertically  up  the  centre  of  the  pipe  E,  and  is  provided 
with  a  rounded  head  5  inches  broad  and  1  inch  long,  which  fits 
into  a  recess  made  for  it  in  the  underside  of  the  valve  N :  on  the 
long  arm  of  the  lever  P  a  weight  R  is  so  fixed  that  the  weight  of  the 
valve  is  exactly  balanced,  and  friction  is  thereby  avoided.  The  two 
valves  are  each  connected  by  a  series  of  links  to  a  shaft  S,  Figs.  1,  2, 
and  3,  passing  below  the  ground  level ;  and  a  handle  T  on  this  shaft 
is  brought  up  above  the  ground  in  such  a  position  that  the  attendant 
working  the  valves  is  in  full  view  of  the  hammer  faces. 

Connecting  Screw. — In  order  to  ensure  the  two  hammer  tups  A  A 
moving  simultaneously,  and  striking  the  bloom  exactly  at  the  same 
instant,  a  steel  screw-shaft  U,  Figs.  1,  2,  and  3,  is  carried  underneath 
the  tups  in  the  centre  line  of  the  hammer,  and  is  provided  with  a 
right-and-left-handed  thread,  on  which  work  two  brass  nuts  Y,  one 
fixed  to  each  tup,  the  screw- shaft  being  free  to  turn  in  fixed  bearings 
carried  by  the  foundation  girders  G  Gr.  If  the  screw-shaft  were 
turned  round  independently,  it  would  draw  the  two  tups  together  at 
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an  equal  speed,  making  them  meet  exactly  in  the  centre,  or  it  would 
cause  them  to  separate  at  an  equal  speed ;  consequently  when  the 
two  tups  are  moved  each  by  its  own  piston,  any  difference  in  the 
rate  of  their  motion  is  prevented  by  their  constant  connection  through 
the  screw-shaft.  This  shaft  is  4|  inches  diameter  in  the  solid  and 
6  inches  diameter  outside  the  threads,  as  shown  to  a  larger  scale  in 
Figs.  9  to  12,  Plate  69 ;  the  pitch  of  the  threads  is  9  inches,  and 
there  are  six  threads  to  the  pitch.  The  nuts  V  are  each  cast  in  four 
quarters,  the  planes  of  division  being  both  vertical,  one  tranverse  and 
the  other  longitudinal ;  the  wear  is  taken  up  in  both  directions  by 
^rrought-iron  wedges  provided  for  this  purpose,  with  adjusting  set- 
screws  X  X ;  the  total  length  of  each  nut  is  24  inches.  Each  end  of 
the  screw-shaft  U  abuts  on  a  brass  step  Y,  Figs.  9,  12,  and  13,  which 
is  held  between  two  snugs  on  a  cast-iron  block  fixed  transversely 
between  the  girders  Gr  G.  These  steps  are  adjustable  by  means  of 
wrought-iron  tail-screws  Z  with  lock  nuts,  as  shown  in  Figs.  9  and 
12.  If  one  of  the  hammer  tups  had  a  tendency  to  over-run  the  other, 
it  would  cause  end-play  in  the  screw- shaft  U,  and  the  fault  would  be 
shown  by  the  greater  wear  of  the  step  Y  at  the  further  end ;  and 
consequently  the  fact  that  the  two  steps  wear  equally  proves  that 
there  is  no  tendency  to  end-play  in  the  shaft,  and  therefore  that  the 
motion  of  the  one  tup  balances  that  of  the  other. 

Girders  and  Foundation. — The  two  pairs  of  gu^ders  G  G,  Fig.  1, 
which  carry  the  hammer  tups  and  cyhnders,  rest  at  their  hinder  ends 
directly  on  the  stone  foundation,  and  at  their  forward  ends  upon 
another  pair  of  girders  P  P,  Figs.  1  and  3,  supported  on  the  stone 
foundation,  one  on  each  side  of  the  centre  line  of  the  hammer ;  the 
foundation  being  lower  at  the  centre  than  at  the  two  ends,  as  shown 
in  Fig.  1.  The  foundation  consists  merely  of  brickwork  laid  on  the 
natural  clay  of  the  district,  2|  feet  thick  at  the  centre  and  5  J  feet 
thick  at  the  two  ends,  with  2|  feet  of  stone  on  the  top  of  all,  as  shown 
in  Figs.  1,  3,  and  4.  The  girders  are  held  down  upon  the  stone  by 
long  bolts  passing  through  the  stone  and  brickwork,  Figs.  3  and  4. 

Ingot  TrucliS  and  Booking  Tahle. — The  ingots  while  being  hammered 
are  held  between  the  two  hammer  faces  in  trucks  designed  for  the 
purpose.     These  rest  on  a  rocking  table  W,  Figs.  1  and  2,  to  which 
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a  slight  tilting  movement  can  be  given  by  tlie  attendant,  so  as  to  keep 
the  ingot  always  in  the  centre  between  the  hammer  faces,  and  ensure 
its  being  struck  by  both  hammers  simultaneously.  The  table  is 
formed  of  a  cast-iron  plate  W,  22  inches  wide  and  about  17  feet  long, 
cast  with  a  half-round  projection  on  the  underside  all  along  the  centre, 
which  rests  in  four  half-round  bearings  R  R,  Figs.  14  and  15,  each 
8  inches  long,  placed  in  the  centre  line  of  the  cast-iron  plate  W  and 
transversely  to  the  hammer.  The  plate  W  is  connected  by  linkwork 
with  a  handle  Q,  Figs.  1  and  2,  placed  in  convenient  reach  of  the 
attendant,  for  tilting  the  table  slightly  as  may  be  required.  The 
upper  side  of  the  table  is  grooved  to  admit  the  wheel  flanges  of  wagons 
of  18  inches  gauge,  as  shown  in  Figs.  15  and  16. 

Truck  for  Ordinary  Ingots. — The  truck  employed  for  supporting 
the  ordinary  description  of  long  narrow  ingot  is  shown  in  position 
between  the  hammers  in  Figs.  1  and  2,  and  to  a  larger  scale  in  Figs. 
14,  15,  and  16,  Plates  70  and  71.  It  consists  of  a  carriage  of  boiler 
plate  A,  Fig.  14,  12  feet  long  and  19|-  inches  wide,  running  on  four 
cast-u'on  wheels.  The  ingot  B  is  held,  between  two  centres  C  C, 
carried  in  two  headstocks  D  and  E,  in  a  manner  similar  to  that  in 
which  a  shaft  is  held  in  a  lathe.  One  of  these  headstocks  D  is  bolted 
to  the  bed  of  the  carriage  A ;  the  other  E  is  free  to  slide  upon  it. 
The  gradual  extension  in  length  of  the  ingot  during  the  hammering 
is  provided  for  in  the  following  manner.  A  central  screw- shaft  F  F 
runs  from  end  to  end  of  the  carriage  below  the  headstocks ;  to  the 
underside  of  the  moveable  headstock  E  is  attached  a  crossbar  G, 
having  an  opening  in  the  centre  to  admit  the  free  passage  of  the 
screw  F.  A  short  distance  behind  this,  between  the  side  pieces  of 
the  crossbar  G,  a  wrought-iron  nut  I  is  placed  upon  the  screw,  and 
is  prevented  from  turning  round  by  wings  on  each  side,  which  project 
underneath  the  side  pieces  of  the  crossbar  G.  A  helical  spring  J  is 
wound  round  the  screw-shaft  between  the  nut  I  and  the  crossbar  G, 
which  are  prevented  from  separating  beyond  a  certain  distance  by 
two  bolts  passed  through  each.  At  the  forward  end  of  the  carriage 
a  crossbar  H,  Fig.  15,  bolted  to  the  frame,  carries  two  small  wooden 
break-blocks,  which  act  against  the  face  of  a  spur-wheel  K  keyed  on 
the  cud  of  the  screw-shaft  F.     The  pressure  of  the  spur-wheel  against 
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the  break-blocks  is  regulated  by  a  transverse  laminated  steel  spring  L, 
Fig.  16,  fixed  at  the  other  end  of  the  carriage  ;  on  this  tail-spring  the 
hinder  end  of  the  screw-shaft  F  abuts,  a  brass  step  being  interposed 
between  the  end  of  the  shaft  and  the  steel  plates. 

When  a  blow  is  delivered,  the  consequent  extension  in  length 
of  the  ingot  B  causes  the  moveable  headstock  E,  and  with  it  the 
crossbar  Gr,  to  slide  backwards  along  the  bed  and  compress  the  helical 
spring  J.  The  reaction  of  this  spring  against  the  nut  I  forces  the 
screw-shaft  F  endways,  deflecting  the  tail-spring  L.  The  pressure  of 
the  break  H  at  the  forward  end  being  thus  reduced,  the  screw-shaft 
revolves,  allowing  the  nut  I  to  slip  along  it,  nntil  the  reaction  of  the 
tail-spring  L  restores  the  pressure  on  the  break-blocks  and  prevents  all 
further  motion.  For  enabling  the  attendant  to  adjust  the  moveable 
headstock  E  to  any  required  length  of  ingot  before  the  hammering, 
and  for  admitting  of  the  easy  removal  of  the  ingot  when  finished, 
the  spur-wheel  K  on  the  forward  end  of  the  screw-shaft  F  is  made  to 
engage  with  another  spur-wheel  to  which  handles  M  are  aflB.xed, 
Fig.  15  ;  a  set-screw  at  this  end  acting  on  the  screw-shaft  removes  all 
pressure  from  the  break,  and  the  shaft  is  then  easily  turned  round  as 
required.  This  truck  is  moved  backwards  and  forwards  on  the 
rocking  table  W  by  hydraulic  power. 

Tyre  Truch. — Another  truck  has  been  constructed  for  holding  the 
conical  ingots  used  in  the  manufacture  of  solid  weldless  steel  tyres. 
This  is  shown  in  Figs.  17  to  21,  Plates  71  and  72.  It  consists  of  a 
carriage  of  boiler  plate  A,  placed  upon  the  rocking  table  W,  and 
carrying  two  pairs  of  rollers  N  N  and  P  P,  on  which  the  conical  ingot 
B  lies  with  its  axis  horizontal.  Figs.  18  and  19.  One  pair  of  these 
rollers  N  IS",  carrying  the  large  end  of  the  ingot,  are  11 J  inches 
diameter  by  9  inches  length  and  3j  inches  tapered,  and  remain  fixed 
in  position.  The  other  pair  of  rollers  P  P  are  9  inches  diameter  and 
1|  inch  thick,  and  are  carried  in  a  ^vrought-iron  frame  Q,  which  slides 
vertically  within  wrought-iron  guides,  and  is  supported  by  a  long 
wrought-iron  wedge  I.  This  wedge,  which  is  6  feet  10  inches  long, 
is  driven  home  at  the  commencement  of  the  hammering,  and  is 
gradually  drawn  out  so  as  to  lower  the  supporting  rollers  P  P  by 
degrees,  and  accommodate  their  height  to  the  increasing  diameter  of 
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the  centre  of  the  ingot  B  during  the  hammering.  The  rate  of  with- 
drawing the  wedge  I  is  regulated  by  the  attendant,  who  has  thus 
complete  facility  for  adjusting  the  ingot  constantly  to  its  true  level 
between  the  two  hammers  with  as  great  accuracy  as  if  he  were  holding 
it  by  hand.  The  taper  in  the  fixed  rollers  N  N  allows  for  the  slight 
increase  in  diameter  of  the  base  of  the  ingot,  which  advances  down- 
wards towards  the  small  ends  of  the  rollers  as  the  hammering  proceeds. 
The  ingot  is  continually  turned  round  upon  these  rollers  during  the 
hammering  by  means  of  ordinary  pinch  bars.  In  the  centre  of  the 
frame  Q  is  a  socket  S,  into  which  fits  the  stalk  of  a  small  musliroom 
turntable  T,  Fig.  17;  the  ingot  is  placed  on  this  turntable  vdth  its 
axis  vertical,  for  hammering  all  round  the  circumference,  and  it  is 
easily  turned  round  between  each  blow  by  means  of  an  ordinary 
spanner.  The  truck  A  is  kept  in  position  on  the  rocking  table  W 
by  projecting  studs  which  fit  into  the  grooves  on  the  table. 

Truck  for  Bars. — Another  truck,  shown  in  Eigs.  22  to  24,  Plate  73, 
is  used  for  supporting  ingots  for  bars.  In  this  the  bar  B  rests  on  six 
rollers  carried  in  a  boiler-plate  frame  A,  which  is  placed  on  the  rocking 
table  W  between  the  hammer  faces,  and  kept  in  position  by  projections 
fitting  into  the  grooves  of  the  table ;  the  rollers  are  placed  one  behind 
another  along  the  length  of  the  frame  A.  The  two  central  rollers 
C  C  are  5  inches  diameter  and  14|  inches  long ;  the  rest  are  7  inches 
diameter  and  14|  inches  long.  The  ingot  B  is  shifted  endways  along 
the  rollers  by  means  of  ordinary  pinch  bars. 

Truck  for  Long  Shafts. — In  the  forging  of  long  shafts  the  work  is 
supported  on  a  pair  of  trucks  A  A,  one  at  each  end  of  the  shaft  B, 
as  shown  in  Figs.  25  to  27,  Plate  74.  These  trucks  are  exactly  alike, 
each  carrying  two  cast-iron  rollers  C  C,  Fig.  25,  between  which  the 
shaft  B  lies.  In  order  to  retain  the  axis  of  the  shaft  always  in  the 
centre  line  of  the  hammer,  whilst  its  diameter  continually  decreases, 
the  supporting  rollers  C  C,  which  are  6  inches  diameter  and  2  inches 
wide,  are  carried  in  a  cast-u"on  frame  D  that  can  shde  upon  the  body 
of  the  truck  A  up  an  incline  of  1  in  4.  A  screw  E  fastened  at  the 
upper  end  to  the  body  of  the  truck,  and  engaging  with  a  nut  in  the 
sliding  frame  D,  enables  the  attendant  to  adjust  the  height  of  the 
rollers  and  the  shaft  between  them,  as  may  be  required  from  time  to 
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time.  The  two  trucks  arc  prevented  from  separating  from  each  other 
by  a  wi'ought-iron  hnk  G.  The  whole  runs  on  eight  wheels,  and  is 
moved  to  and  fro  on  the  rocking  table  W  by  hydraulic  power. 

Peel  Bar. — The  ordinary  method  of  lifting  ingots  out  of  the 
furnaces  and  carrying  them  to  the  hammer  is  to  make  use  of  a  peel 
bar  as  a  lever,  on  one  end  of  which  is  the  ingot,  and  the  other  end  is 
either  w^eighted  or  held  down  by  a  number  of  men,  the  fulcrum  being 
supported  by  a  chain  from  a  crane  or  beam  overhead.  Instead  of  the 
chain,  a  curved  wrought-iron  link  A  is  employed  by  the  writer,  as 
shown  in  Figs.  28  and  29,  Plate  75  ;  the  peel  bar  B  is  wedged  fast  in 
the  socket  C  in  the  link,  and  its  weight  is  counterbalanced  by  the 
adjustable  weights  D  at  the  outer  end  of  the  curved  link  A.  By  this 
means  the  point  of  support  E  of  the  whole  is  brought  vertically  above 
the  ingot  Gr,  so  that  the  carrier  is  always  in  equilibrium  whether 
loaded  or  unloaded ;  and  when  the  peel  bar  is  run  into  a  furnace  and 
underneath  an  ingot,  the  point  of  support  E  is  over  the  roof  of  the 
furnace  and  vertically  above  the  ingot.  By  this  arrangement  one 
man  at  the  end  of  the  peel  bar  is  enabled  readily  to  handle  an  ingot 
of  any  weight,  as  he  has  merely  to  guide  it  in  its  progress  to  the 
hammer. 

Character  of  Worh. — To  show  the  character  of  the  work  done  by 
this  duplex  hammer  it  may  be  mentioned  that,  in  drawing  down  a 
crank-axle  ingot  from  its  cast  size  of  20  inches  x  24  inches  and  3  feet 
5  inches  long  to  the  form  of  a  slab  llf  inches  X  21|  inches  and  5  feet 
10  inches  long,  312  blows  are  dehvered.  Of  these  blows  84  are  light 
and  are  merely  finishing  blows,  the  preceding  228  being  sufficient  to 
do  all  the  heavy  part  of  the  work,  and  these  are  dehvered  at  the  rate 
of  48  per  minute  with  a  stroke  of  rather  more  than  2  feet  for  each 
tup.  The  total  time  occupied  is  about  25  minutes.  The  slab  when 
finished  is  shghtly  round  at  the  ends,  the  length  of  the  axis  being 
a  few  inches  greater  than  that  of  the  surface,  thus  showing  clearly 
that  the  blows  penetrate  quite  to  the  centre  of  the  ingot.  The 
appearance  of  some  defective  crank-axle  ingots  which  were  broken 
when  cold  confirms  this  view,  the  metal  being  found  to  be  of  the  same 
texture  tliroughout — as  continuous  and  solid  in  the  centre  as  at  the 
surface. 
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Chief  Advantages. — Among  tlie  cMef  advantages  which  this  form 
of  hammer  possesses  are  the  following : — 

It  requires  no  anvil,  the  whole  moving  force  of  each  hammer  tup 
being  balanced  by  the  one  opposed  to  it.  Hence  the  cost  of  laying 
down  and  afterwards  of  occasionally  lifting  an  anvil  is  avoided.  A 
comparatively  shallow  foundation  is  required,  a  matter  of  great 
importance  where  drainage  is  difficult. 

The  action  is  equivalent  to  that  of  a  vertical  hammer  with  an 
anvil  of  infinite  weight.  Comparing  it  with  a  single  30-ton  vertical 
hammer,  it  is  evident  that  each  block  weighing  of  itself  30  tons  has 
only  to  be  moved  through  one  half  the  space  in  order  to  produce  the 
same  effect ;  a  greater  number  of  blows  can  therefore  be  dehvered  in 
the  same  time.  The  blows  being  given  simultaneously  on  opposite 
sides  of  the  bloom,  meet  in  its  centre,  and  the  resistance  due  to  the 
inertia  of  the  mass  operated  on  is  reduced  by  one  half.  The  blows 
being  in  opposite  directions  counteract  each  other ;  hence  no  vibration 
is  produced,  and  consequently  no  damage  is  done  to  the  surrounding 
buildings  and  machinery. 

The  hammer  is  therefore  an  economical  instrument  both  in  first 
cost  and  cost  of  maintenance.  In  working  it  will  be  seen  that  the 
scale  can  fall  away  quite  freely  from  the  bloom,  and  also  that  there 
is  great  ease  in  the  manipulation,  and  consequent  accuracy  in  the 
forging  of  large  masses  :  for  instance  the  upsetting  of  a  long  crank- 
shaft can  be  performed  with  ease,  an  operation  of  great  difl&culty 
under  the  ordinary  vertical  hammer.  It  thus  appears  that  the 
hammer  will  be  specially  convenient  for  the  forging  of  guns  and 
other  long  and  heavy  articles,  more  particularly  since  it  can  be  made 
of  larger  dimensions  at  a  comparatively  small  increase  of  cost.  It 
may  be  conveniently  worked  in  conjunction  with  a  vertical  hammer ; 
by  which  means  forgings  that  require  two  kinds  of  treatment  may  be 
easily  dealt  with.  Also  it  can  be  used  in  buildings  which  from  want 
of  height  could  not  contain  a  vertical  hammer  of  the  same  effect. 
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The  President  remarked  that  he  had  seen  the  horizontal  duplex 
hammer  at  work  at  Crewe,  and  it  was  certainly  one  of  the  most 
ingenious  pieces  of  mechanism  that  he  had  ever  seen,  comprising  a 
number  of  novel  mechanical  contrivances,  every  one  of  which  was 
worked  out  in  a  most  complete  manner.  The  work  turned  out  by 
the  hammer  was  perfect,  thoroughly  sound  and  well  finished  in  all 
parts  ;  and  having  seen  the  working  of  the  hammer  on  several 
occasions,  after  it  had  been  in  use  for  a  considerable  time,  he  under- 
stood that  not  the  slightest  trouble  had  been  experienced  in  using 
it.  Such  a  machine  he  thought  must  speedily  come  into  general 
use,  wherever  forgings  of  considerable  size  had  to  be  dealt  with.  He 
enquired  how  long  the  hammer  described  in  the  paper  had  now 
been  at  work. 

JMi'.  Ramsbottom  replied  that  the  present  30  ton  hammer  described 
in  the  paper  had  been  at  work  nearly  five  months ;  and  the  previous 
10  ton  experimental  hammer  had  been  working  constantly  for  about 
thi'ee  years.  The  object  he  had  aimed  at  in  designing  the  horizontal 
duplex  hammer  had  been  to  get  a  very  powerful  hammer  at 
comparatively  little  cost,  and  with  as  little  vibration  as  possible  to 
the  buildings  and  works  ;  at  the  same  time  it  was  necessary  for  the 
hammer  to  be  so  arranged  as  to  be  useful  not  only  for  the  heaviest 
forgings,  but  also  for  ordinary  work.  In  the  working  of  steel  forgings 
in  particular,  his  own  experience  had  led  him  to  the  conclusion  that 
the  ordinary  modes  of  working  were  very  faulty,  in  consequence  of 
not  putting  work  enough  into  the  mass  of  metal  operated  upon ;  and 
he  considered  that  up  to  the  present  time  there  had  been  no  means 
at  all  proportioned  to  the  work  to  be  done.  The  result  was  that  the 
skin  of  the  metal  was  too  much  hammered  and  the  centre  too  little, 
so  that  the  external  portions  became  unduly  drawn  out,  which  caused 
the  centre  parts  to  be  torn  asunder  and  thus  rendered  unsound. 
This  was  in  consequence  of  the  forging  not  being  performed  by 
hammers  with  sufficient  moving  mass  ;  and  he  did  not  believe  that 
the  desired  efiect  of  blow  could  be  attained  by  raere  velocity,  nor 
that  the  absence  of  a  sufficient  mass  in  the  hammer  itself  could  be 
compensated  for  by  increasing  the  speed  of  the  hammer.  What  was 
wanted  was  a  blow  somewhat  approaching  a  squeeze,  and  this  could 
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not  be  obtained  by  velocity,  but  only  by  the  adoption  of  a  heavier 
mass. 

The  horizontal  duplex  arrangement  of  the  hammer  however, 
notwithstanding  the  greatly  increased  weight  of  the  masses  put  in 
motion,  admitted  also  of  great  rapidity  of  action,  in  consequence  of  the 
strokes  of  the  two  hammer-blocks  being  made  simultaneously,  so 
that  what  was  in  fact  a  4  feet  stroke  was  got  by  moving  each  hammer 
only  2  feet.  In  this  way  he  had  obtained  as  many  as  48  blows  per 
minute  from  the  30  ton  hammer,  a  greater  number  than  could  be 
obtained  from  a  5  ton  vertical  hammer  working  alongside  and  supplied 
with  steam  from  the  same  boiler.  They  were  thus  enabled  to  get 
through  the  work  while  it  was  hot,  which  in  itself  was  a  point  of 
importance  in  respect  to  economy.  Another  advantage  of  the 
heavier  hammer  was  that  the  original  steel  castings  could  be  forged 
in  larger  masses,  and  worked  down  to  the  desired  shape  with  greater 
economy  and  better  effect  than  under  a  lighter  hammer.  Although 
the  work  to  be  done  at  Crewe  was  in  general  not  of  a  heavy 
character,  the  heaviest  forgings  being  those  for  locomotive  crank- 
axles,  yet  he  did  not  think  the  30  ton  hammer  now  employed  was 
larger  than  was  required  for  effectually  performing  the  work. 

Mr.  C.  Cochrane  observed  that  in  the  truck  for  ordinary  ingots 
(Plate  70)  the  work  was  carried  upon  a  pair  of  centres  like  lathe 
centres,  and  there  appeared  a  great  possibility  of  its  dropping  out 
under  the  blows  of  the  hammer.  He  enquired  whether  any  such 
accident  had  occurred,  and  in  what  manner  the  original  centre  holes 
were  made  in  the  two  ends  of  the  ingot  for  fixing  it  on  the  centres, 
so  as  to  be  large  enough  for  holding  it  securely. 

Mr.  Ramsbottom  replied  that  it  had  only  once  happened  that  the 
work  dropped  out  from  between  the  centres  supporting  it ;  and  the 
accident  occurred  in  consequence  of  the  breakage  of  the  helical  spring 
(J,  Plate  70)  by  which  the  moveable  headstock  was  kept  in  position. 
Very  slight  centre-holes  were  found  sufficient,  which  were  made 
with  a  centre  punch  in  the  usual  way  by  a  blow  from  an  ordinary 
sledge  hammer ;  and  there  was  found  to  be  very  little  tendency 
for  the  work  to  get  out,  when  once  fixed  on  the  centres  of  the  truck. 
The  metal  seemed  during  the  hammering  to  spread  lengthwise  to  a 
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slight  extent  round  the  centres,  thns  making  the  centre  holes 
deeper ;  and  it  was  a  curious  circumstance,  which  he  had  not 
been  able  to  account  for,  that  the  centre  points  themselves  were 
found  to  become  more  pointed,  instead  of  being  made  more  blunt  by 
the  effect  of  the  hammering  as  might  have  been  expected  ;  this  was 
the  case  more  particularly  with  the  centre  in  the  fixed  headstock. 

The  various  trucks  supporting  the  different  sorts  of  work  during 
the  hammering  were  at  present  he  considered  the  least  satisfactory 
part  of  the  arrangement,  and  it  was  in  these  that  further  improvement 
was  most  desired.  The  simplest  and  most  effective  of  the  plans  yet 
tried  was  the  six-roller  truck  used  in  forging  long  bars  (Plate  73)  ; 
but  this  was  of  course  not  available  for  general  roughing- down,  for 
which  a  sort  of  centrfe  carriage  was  required,  more  like  those  used 
for  holding  the  ordinary  ingots  (Plate  70)  or  the  tyre  blooms  (Plate 
72).  The  general  practice  with  the  duplex  hammers,  even  in  forging 
long  bars,  was  to  finish  the  forging  from  end  to  end  in  a  single  heat, 
so  as  to  prevent  the  waste  of  skinning  the  iron  over  with  a  coat  of 
cixide  by  a  second  heating.  In  this  way  also  a  great  deal  of  time 
and  skilled  labour  was  saved,  as  well  as  the  fuel  required  for  a  second 
heat. 

The  President  enquired  whether  the  cylinders  of  the  hammer 
were  provided  with  steam  jackets  ;  and  also  whether  there  was  found 
to  be  any  difficulty  from  wear  of  the  stuffing-boxes. 

Mr.  Ramsbottom  replied  that  the  cylinders  were  not  steam- 
jacketted,  but  the  condensed  water  was  got  rid  of  in  the  usual  way 
by  blow-off  cocks.  He  had  not  experienced  any  trouble  from  wear 
of  the  staffing-boxes,  as  the  piston-rods  were  so  thoroughly  guided. 

The  President  moved  a  vote  of  thanks  to  Mr.  Ramsbottom  for 
his  paper,  which  was  passed. 
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The  President  proposed  a  vote  of  tlianks,  wMcli  was  passed,  to 
General  Morin  and  the  authorities  of  the  Conservatoire  Imperial  des 
Arts  et  Metiers,  for  their  kindness  in  granting  the  nse  of  the  Lecture 
Theatre  for  the  purpose  of  the  meeting,  and  the  facilities  they  had 
afforded  in  connection  with  the  meeting  ;  and  also  to  the  Honorary 
Local  Secretary,  Mr.  Henry  Chapman,  for  the  very  efficient  and 
valuable  assistance  rendered  by  him  in  promoting  the  success  of  the 
meeting. 

The  Meeting  then  terminated ;  and  in  the  evening  the  Members 
and  their  friends,  with  a  number  of  guests  invited  for  the  occasion, 
dined  together  at  the  Trois  Freres  Proven^aux,  Palais-Royal,  in 
celebration  of  the  meeting  of  the  Institution  in  Paris. 


On  Friday,  7th  June,  the  Members  visited  the  Observatory,  upon 
the  obliging  invitation  of  the  astronomer  royal,  M.  Leverrier,  who 
conducted  them  over  the  building  and  explained  the  construction  and 
action  of  the  principal  instruments  employed  m  the  astronomical 
observations. 

The  Members  then  visited  the  Artesian  Well  Borings  in  progress 
of  execution  by  M.  Dru  at  Butte-aux-Cailles  and  at  M.  Say's  Sugar 
Refinery,  the  description  of  which  had  been  given  in  the  paper  read 
by  M.  Dru  at  the  meeting  on  the  previous  day.  At  Butte-aux-Cailles 
a  breakage  of  the  boring  rod  had  occurred  shortly  before  the  arrival 
of  the  Members,  and  they  had  thus  an  opportunity  of  witnessing  the 
process  adopted  for  recovering  the  broken  portion  left  at  the  bottom 
of  the  bore-hole,  by  lowering  a  conical  socket  filled  up  on  the  underside 
with  wax,  to  take  an  impression  of  the  fractured  end,  preparatory  to 
sending  down  a  conical  screwed  socket,  to  screw  upon  the  broken  end 
for  bringing  it  up.  At  the  Sugar  Refinery  the  boring  was  seen  in 
progress,  with  the  reaction  tool  liberated  by  the  shock  produced  at 
the  top  of  the  stroke. 
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The  Members  were  also  shown  the  several  processes  of  the  sugar 
manufacture, — the  boilmg  of  the  raw  material,  the  separation  of  the 
liquid  molasses  and  the  drying  of  the  brown  sugar  by  centrifugal 
action  in  perforated  cylinders  revolving  at  a  high  speed,  the  clarifying 
of  the  white  sugar,  and  the  drying  of  the  white  sugar  cones  in  heated 
rooms  by  the  aid  of  exhausting  pipes  communicating  with  each  cone, 

A  number  of  Engineering  establishments  and  other  works  in  Paris 
and  the  neighbourhood  were  also  opened  to  the  inspection  of  the 
Members  during  the  days  of  the  meeting. 
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PROCEEDINGS. 


31  October,  1867. 


The  General  Meeting  of  tlie  Members  was  held  in  the  Lecture 
Theatre  of  the  Midland  Institute,  Birmingham,  on  Thursday, 
31st  October,  1867 ;  Sampson  Lloyd,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  President,  Vice-Presidents, 
and  five  Members  of  the  Council  in  rotation,  would  go  out  of  office 
in  the  ensuing  year,  according  to  the  Rules  of  the  Institution ;  and 
that  at  the  present  meeting  the  Council  and  Officers  were  to  be 
nominated  for  the  election  at  the  Anniversary  Meeting. 

The  following  Members  were  nominated  by  the  meeting  for  the 
election  at  the  Anniversary  Meeting  : — 

PRESIDENT. 

John  Penn, London. 

VICE-PRESIDENTS. 

(Six  of  the  mmiher  to  be  elected.) 

John  Anderson,         .         .         .         Woolwich. 

Frederick  J.  Bramwell,        ,  .     London. 
William  Clay,   ....         Liverpool. 

Thomas  Hawksley,  .         .  .     London. 

Sampson  Lloyd,  .         .         .         Wednesbury. 

John  Ramsbottom,  .         .  .     Crewe. 

John  Robinson,  .         .         .         Manchester. 

C.  William  Siemens,      .         .  .     London. 
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COUNCIL. 
(Six  of  the  nuTYiber  to 
Chaeles  Edwards  Amos, 
Robert  Broad,  . 
Edward  A.  Oowper, 
Edgar  Gilkes,  . 
Thomas  G-reenwood, 
George  Harrison, 
Edward  Jones, 
William  Menelaus,   . 
W.  Montgomerie  Neilson,     . 
Charles  P.  Stewart, 
Richard  Williams, 


he  elected.} 

London. 

Tipton. 

London. 

Middlesbrough. 
.     Leeds. 

Birkenhead. 
.     Wednesbury. 

Merthyr  Tydvil. 
.     Glasgow. 

Manchester. 
.     Wednesbury. 


The  Chairman  announced  that  the  Ballot  Lists  had  been  opened, 
and  the  following  New  Members  were  duly  elected : — 


members. 
George  Berkley,  . 
George  Clark,  Jun., 
Joseph  Cliff, 

William  Frederick  Gooch, 
Charles  James  Homer,  . 
Frederick  James  Kimball, 
James  Live  set, 
Robert  Mallet, 
William  Martin,    . 
Richard  M.  Merrtweather, 
George  Blake  Oughterson,  . 
Robert  Webb  Pearce, 
Eugene  Sadoine,    . 
Patrick  Stirling, 
Joseph  Taylor, 
Benjamin  Walker,     . 
Gilbert  Wilkes,    . 
John  Wilkes,    . 


London. 

Sunderland. 

Bradford,  Yorkshire. 

Warrington. 

Tunstall. 

Philadelphia. 

London. 

London. 

Rouen. 

London. 

Rouen. 

Calcutta. 

Seraing,  Belgium. 

Doncaster. 

Birmingham. 

Leeds. 

Birmingham. 

Birmingham. 
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ASSOCIATE. 

William  Thomas  Watts,        .         .     Birmingham. 


The  following  paper  was  then  read  : — 
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DESCRIPTION   OF  THE 

CROSSNESS   PUMPING  ENGINES 

FOR  THE  METROPOLITAN  MAIN  DRAINAGE  WORKS. 


By  Mr.  GILBERT  HAMILTON,  of  Messrs.  James  Watt  and  Co. 


These  Pumping  Engines,  wliicli  have  been  constructed  at  the 
writer's  works,  are  situated  at  Crossness  Point,  where  the  Southern 
Outfall  Sewer  for  the  drainage  of  the  southern  portion  of  London 
discharges  into  the  Thames,  about  four  miles  below  Woolwich.  This 
outfall  sewer  being  at  a  low  level,  with  its  bottom  about  8  feet  below 
the  mean  low- water  level,  the  sewage  has  to  be  lifted  by  pumping, 
to  a  level  sufficiently  high  for  discharging  it  into  the  river  soon  after 
high  water ;  the  time  for  discharge  is  restricted  to  that  period,  for 
the  purpose  of  getting  the  sewage  at  once  carried  out  to  sea  by  the 
ebb  tide,  and  preventing  any  of  it  from  floating  upwards  on  the  river. 
The  sewage  is  therefore  pumped  into  a  large  covered  reservoir  at  a 
higher  level,  where  it  is  accumulated  by  continuous  pumping  during 
the  period  of  low  water  and  flood  tide  ;  and  from  this  resei'voir  it  is 
allowed  to  flow  out  direct  into  the  river,  as  soon  as  the  time  of  high 
water  has  passed  and  the  ebb  tide  is  running. 

The  reservoir  is  shown  at  A  A  in  the  general  plan  and  section. 
Figs.  1  and  3,  Plate  76,  and  to  a  larger  scale  in  the  section.  Fig.  5, 
Plate  77.  It  consists  of  four  compartments,  each  roofed  over  by 
eight  parallel  brick  arches  of  about  15  feet  span,  carried  upon  piers 
about  20  feet  apart.  The  whole  reservoir  is  560  feet  long  and  520 
feet  wide  ;  the  average  height  to  the  crown  of  the  arches  is  1 7  feet, 
and  the  reservoir  contains  24  million  gallons  when  filled  to  a  depth 
of  15  feet,  the  level  of  the  overflow  weirs. 

The  sewage  is  brought  from  the  main  outlet  sewer  B,  which 
is  llj  feet  diameter,  by  the  low-level  culvert  C,  Figs.  1,  4,  and  7, 
discharging  by  two  branches  into  the  two  pump  wells  D  D,  situated 
at  opposite  ends   of  the  engine  house.      The  sewage  on  entering 
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passes  through  an  irou  gi-ating  E  E,  Figs.  6  and  7,  for  stopping  the 
entrance  of  floating  timber  or  other  large  sohd  matter,  the  openings 
in  the  grating  being  6  inches  in  width  ;  and  it  then  passes  the  filth 
hoist  F,  which  consists  of  an  endless  bucket- chain  worked  by  the 
engine  in  front  of  a  vertical  grating,  and  intended  for  separating 
and  lifting  out  the  more  solid  portion  of  the  sewage  into  a  separate 
receptacle,  to  be  carted  away  and  utilised.  The  sewage  passes 
thence  to  the  pumps  D  D ;  or  when  desired  it  can  be  admitted  direct 
to  the  pumps  through  the  second  channels  Gr,  Fig.  6,  by  opening  or 
closing  the  different  penstocks. 

There  are  four  pumping  engines,  working  independently,  and  all 
duplicates  of  one  another,  as  shown  in  Figs.  6  to  9,  Plates  78  to  81. 
Each  engine  works  two  sets  of  pumps  D  D,  and  each  set  consists  of 
four  single-acting  plungers  4|  feet  diameter,  working  in  a  cylindrical 
casing  of  11|  feet  internal  diameter.  The  two  outer  plungers  in  each 
set  have  a  stroke  of  4|  feet,  and  the  two  inner  ones  half  that  stroke. 

One  of  the  pumps  is  shown  in  section  to  a  larger  scale  in  Fig.  10, 
Plate  82.  The  plungers  HH  are  hollow  cylinders  working  through 
stuffing-boxes,  and  coupled  to  connecting  rods  II  from  the  engine 
beam ;  the  connecting  rods  are  coupled  in  each  case  to  the  top  of 
the  plunger  pole  J  near  the  level  of  the  engine-house  floor,  where 
the  top  of  the  pole  works  between  a  pair  of  vertical  guide-cheeks  K  K, 
as  sho-wTi  in  the  sectional  plan,  Fig.  11.  Each  plunger  pole 
is  made  with  a  long  socket-joint  piece  J,  for  uncoupling  the  plunger 
when  not  required  in  action  by  simply  withdrawing  the  cotter ;  the 
socket-piece  is  sufficiently  long  to  allow  of  sliding  the  full  length  of 
the  stroke  without  disengaging  from  the  plunger  pole.  The  plunger 
when  disconnected  is  suspended  by  two  crossbars  L  L,  carried  by 
brackets  fixed  upon  the  top  of  the  pump  case.  The  suction  valves  M 
consist  of  a  set  of  leather  flaps  loaded  wnth  wrought-iron  plates, 
and  fixed  upon  a  horizontal  frame  with  openings  9  by  18  inches,  as 
shown  to  a  larger  scale  in  Figs.  12  and  13,  Plate  83.  A  crossbar  N 
is  fixed  over  each  line  of  flaps  to  limit  their  rise.  The  delivery 
valves  0  0,  Fig.  10,  are  vertical  sets  of  leather  flap-valves  similar  to 
the  suction  valves,  with  openings  12  by  18  inches,  as  shown  enlarged 
in  Fig.  14 
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The  four  sets  of  pumps  worked  by  two  adjoining  engines 
deliver  into  a  covered  wrought-iron  trougli  P,  Fig.  10,  11^  feet  wide 
and  10  feet  high,  placed  longitudinally  between  the  two  engines. 
Figs.  6,  7,  and  8,  and  discharging  at  the  outer  end  into  the  upper- 
level  culvert  Q  Q,  which  leads  to  the  reservoir  A,  Fig.  2.  The 
wrought-iron  troughs  PP  are  each  closed  at  the  inner  end  by  a 
penstock ;  and  they  are  furnished  with  an  air-vessel  R,  Fig.  10,  in 
the  centre  of  each,  for  the  purpose  of  easing  the  action  of  the  pumps 
when  the  trough  is  full  and  the  pumps  are  working  against  a  head 
greater  than  the  height  of  the  trough.  The  work  done  by  the 
engines  in  pumping  varies  very  considerably  with  the  height  of  the 
sewage  in  the  reservoir,  the  lowest  lift  of  the  pumps  being  19  feet 
when  beginning  to  fill  the  reservoir,  and  the  highest  lift  33  feet  when 
the  reservoir  is  full ;  the  average  working  lift  is  about  26  feet. 

The  contents  of  the  reservoir  are  discharged  into  the  river  by 
the  two  middle-level  culverts  S  S  about  9  feet  wide,  shown  dotted  in 
the  plans,  Figs.  1  and  2.  These  are  .situated  at  an  intermediate 
level  between  the  lower  supply  culverts  0  0  and  the  upper  delivery 
culverts  Q  Q,  Figs.  3  and  4,  and  are  at  a  level  of  7j  feet  below  the 
floor  of  the  reservoir,  so  as  to  drain  it  completely ;  the  floor  has  a 
fall  of  2|  feet  from  the  back  to  the  front  of  the  reservoir.  Whenever 
it  happens  that  the  tide  is  low  enough  during  the  time  that  the 
engines  are  pumping,  the  sewage  is  allowed  to  flow  direct  into  the 
river  from  the  pumps  through  the  middle-level  outlet  culverts  S  S, 
without  entering  the  reservoir.  The  three  levels  of  culverts  are  all 
carried  along  the  whole  breadth  of  the  reservoir  A  in  the  same  line 
0  C,  Fig.  1,  and  Q  Q,  Fig,  2  ;  they  are  built  one  over  the  other,  as 
shown  in  the  sections  Figs.  3  and  4,  and  separated  by  floors  formed 
of  cast-iron  girders  carrying  stone  flags.  The  level  of  the  middle 
culvert  S  is  lOf  feet  above  the  lower  one  C  and  8f  feet  below  the 
upper  one  Q  ;  and  the  middle  culvert  S  is  2|^  feet  above  mean 
low-water  level  of  the  river.  Each  of  these  three  culverts 
communicates  with  the  reservoir  A  by  a  continuous  series  of  lateral 
openings.  Figs.  1  and  2,  each  3  feet  3  inches  wide  and  3  feet  9  inches 
high,  and  closed  by  a  penstock.  The  two  middle-level  culverts  S  S 
forming  the  discharge   outlets  from  the  reservoir  are   carried  out 
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some  distance  into  the  river,  ending  wdtli  timber  troughs   10  feet 
\dde  and  80  feet  long,  as  shown  in  Figs.  1,  2,  and  3. 

As  a  general  rule  the  sluices  are  opened  for  discharging  the 
sewage  into  the  river  about  two  houi^s  after  the  time  of  high 
water,  except  on  occasion  of  the  neap  tides,  when  they  are  opened 
just  after  high  water.  In  dry  weather  they  sometimes  remain 
open  for  only  two  hours,  the  ebb  tide  lasting  seven  hours;  but 
in  very  wet  weather  they  are  kept  open  for  five  or  six  hours.  In 
the  event  of  a  very  high  tide,  the  level  does  not  admit  of  the 
sewage  beginning  to  run  into  the  river  from^he  reservoir  until 
the  water  in  the  river  has  fallen  below  the  level  of  the  top  of  the 
reservoir;  such  a  high  tide  however  does  not  often  occur,  the 
ordinary  rise  and  fall  of  the  tide  being  about  18  feet.  In  the 
case  of  a  very  heavy  rainfall,  as  there  is  not  sufficient  storage  room 
in  the  reservoir  to  allow  of  adhering  to  the  principle  of  discharging 
the  sewage  into  the  river  after  high  water  only,  the  engines  are 
then  allowed  to  pump  direct  into  the  river  as  soon  as  the  reservoir 
is  full;  in  such  a  case  however  the  sewage  is  very  much  diluted 
with  water  comparatively  pure.  This  pumping  direct  into  the  river 
is  effected  by  opening  the  penstocks  at  the  inner  ends  of  the 
wrought-iron  troughs  P  P,  Fig.  6,  and  letting  the  sewage  flow 
out  through  the  branch  low-level  culvert  T  T,  which  discharges 
into  the  river  by  the  wide  mouth  U,  Fig.  1.  This  outlet  consists 
of  twelve  cast-iron  pipes,  4  feet  4  inches  diameter  and  140'  feet 
long,  placed  at  one  level  in  the  bed  of  the  river  below  the  low- water 
line.  These  pipes  form  also  the  direct  mouth  of  the  main  outfall 
sewer  B,  which  is  ordinarily  shut  oiF  by  a  penstock  at  Y,  in  order 
to  allow  of  the  sewage  being  led  away  to  the  pumps ;  but  it  is 
sometimes  opened  as  the  storm  outlet,  whenever  requisite  for  the 
discharge  of  extra  storm  waters  direct  from  the  main  outfall  sewer. 

The  pumping  engines  are  shown  in  Figs.  8  and  9,  Plates  80  and 
81 ;  they  are  double-acting  high-pressure  expansive  engines,  with 
single  steam  cylinders  48  inches  diameter  and  9  feet  stroke,  and 
furnished  with  a  flywheel  beyond  the  pumps,  to  equalise  the  motion. 
Although  the  pumps  are  single-acting,  the  work  done  in  the  up  and 
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down  strokes  of  the  engine  is  equalised  b j  one  set  of  pnmps  being 
placed  on  eacb  side  of  the  beam  centre. 

The  cylinders  are  steam-jacketted,  and  one  of  them  is  shown  to  a 
larger  scale  in  Figs.  15  and  16,  Plates  84  and  85.  The  valves  are  of 
the  double-beat  construction,  the  steam  valves  being  7}  inches  and 
the  exhaust  valves  8f  inches  diameter ;  they  are  worked  by  a  cam 
shaft  W  having  fixed  cams  X  X  for  the  exhaust  valves,  and  a  shding 
cam  Y  for  the  steam  valves,  in  order  to  vary  the  rate  of  expansion 
according  to  the  work  to  be  done. 

The  valve  cams'  are  shown  to  a  larger  scale  in  Figs.  18  to  21, 
Plate  86.  The  exhaust  cams  X  X  have  a  lift  of  2|-  inches,  holding 
the  valve  open  to  nearly  the  end  of  the  stroke.  The  steam  cam  Y 
has  a  lift  of  1|  inches,  with  three  steps  for  the  different  grades  of 
expansion,  cutting  off  at  12,  18J,  and  25  per  cent,  of  the  stroke. 
This  cam  shdes  upon  a  feather  on  the  shaft  W,  and  is  shifted  by 
means  of  a  toothed  sector.  Pig.  17,  gearing  into  the  outer  end  of  the 
rod  Z  which  is  carried  through  the  centre  of  the  shaft  W,  Pig.  19. 
The  lead  of  the  steam  and  exhaust  cams,  as  shown  in  Pig.  21,  is 
such  that  at  the  commencement  of  the  stroke  the  steam  valve  is 
open  I  inch  and  the  exhaust  valve  1-^  inch. 

The  steam  pressure  in  the  boilers  is  35  lbs.  per  square  inch,  and 
the  steam  is  cut  off  in  ordinary  working  at  18|  per  cent,  of  the  stroke 
when  the  lift  of  the  pumps  does  not  exceed  20  feet ;  with  a  greater 
lift,  up  to  the  extreme  of  34  feet  lift,  the  steam  is  increased  to  25  per 
cent.  The  working  speed  of  the  engines  is  about  11  revolutions  per 
minute,  or  198  feet  per  minute  speed  of  piston. 

Indicator  diagrams  taken  from  the  four  engines  are  shown  in  Pigs. 
22  to  25,  Plates  87  and  88;  in  each  case  the  strong  full  hne  is  the 
diagram  from  the  bottom  of  the  cylinder,  and  the  strong  dotted  Hne 
is  that  from  the  top.  The  fine  lines  show  the  theoretical  true  expansion 
curve,  the  clearance  space  in  the  steam  port  and  at  the  end  of  the 
cyhnder  being  equivalent  to  an  addition  of  2'6  per  cent,  to  the  length 
of  stroke.  The  mean  pressure  per  stroke  is  6'6  lbs.  steam  and 
12"0  lbs.  vacuum,  or  18"6  lbs.  total,  giving  202  indicated  horse  power 
for  each  engine. 
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The  duty  of  the  engines,  as  ascertained  in  the  official  trials  made 
when  they  had  been  about  a  year  at  work,  averaged  8G  million  lbs. 
raised  one  foot  with  the  consumption  of  one  cwt.  of  WeLjh  coal,  the 
duty  having  been  designed  to  be  not  less  than  80  millions.  The  trials 
extended  over  four  consecutive  days  with  each  engine,  the  total 
consumption  of  fuel  and  total  work  done  being  accurately  measured 
in  each  case;  and  the  indicator  diagrams  shown  in  Plates  87  and  88 
were  taken  at  the  same  time.  The  particulars  of  the  four  trials  are 
given  in  the  accompanying  table,  the  total  consumption  of  coal  being 
1244  cwts.,  the  average  height  of  lift  20' 5  feet,  and  the  average  duty 
86*4  millions  ft-lbs.  per  cwt.  of  coal. 

Crossness  Pumping  Engines. 
Details  of  official  trials  in  1866. 


Name                    Date 
of  Engine.              of  Trial. 

Duration 
of  Trial. 

Coal 
con- 
sumed. 

Lift, 
average 
height. 

Revolu- 
tions, 

Duty 
per  cwt. 
of  coal. 

1866. 

Alexandra 24-27  April 

Albert  Edward    28-31  May 
Prince  Consort    11-14  July 
Victoria 23-27  July 

Hrs.  mins. 

81  20 

82  43 
81     30 

83  30 

Lbs. 
35,000 
31,792 
34,914 
37,689 

Feet. 
19-220 
22-791 
18-507 
21-482 

No. 
51.394 
58,424 
52,545 
53,474 

Ft-ibs. 
85,637,051 
84,960,460 
84,546,021 
92,602,620 

The  boilers  are  shown  in  the  plan  and  section,  Figs.  6  and  9. 
There  are  twelve  boilers,  6  feet  diameter  and  30  feet  long,  with  a 
fire  tube  3  feet  3  inches  diameter  at  the  fire  and  2  feet  11  inches  in 
the  flue  portion ;  they  are  set  upon  two  longitudinal  walls,  with  a 
bottom  flue  and  side  return -flues. 

These  engiues  have  now  been  at  work  siuce  3rd  April  1865,  and 
one  or  more  of  them  is  always  at  work  except  in  very  dry  weather. 
In  ordinary  fair  weather  the  usual  amount  of  working  is,  one  engine 
alone  for  8  hours  out  of  the  12  hours  of  each  tide,  and  three  engines 
for  the  remaining  4  hours ;  but  this  varies  greatly  and  suddenly 
with  the  weather,  and  sometimes  the  four  engines  are  at  full  work 
together  for  several  hours  after  a  heavy  rain  in  London.  The  effect 
of  the  rain  is  generally  felt  at  the  engines  about  six  hours  after  it  has 
fallen,  which  allows  time  for  getting  up  the  steam  in  all  the  twelve 
boilers  if  necessary,  steam  being  ordinarily  kept  up  in  only  six  of 
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them.  A  severe  rain  for  a  few  hours  in  London  generally  necessitates 
the  employment  of  the  four  engines,  and  the  effect  at  Crossness  is 
hard  work  for  all  four  for  a  short  period,  and  then  gradually  one 
engine  at  a  time  is  knocked  off,  until  the  ordinary  work  of  one 
engine  is  sufficient  to  keep  the  sewage  in  the  culverts  at  the  proper 
level.  On  several  occasions  when  there  has  been  an  excessive  quantity 
of  water,  the  direct  outlet  U,  Fig.  1,  from  the  mouth  of  the  main 
sewer  B  to  the  river  has  been  used  ]  one  instance  was  on  the 
occurrence  of  the  rapid  thaw  after  the  severe  frost  and  heavy  snow 
of  last  winter.  This  plan  however  is  only  adopted  when  the  sewage 
comes  down  in  the  culverts  faster  than  the  four  engines  can  pump ; 
and  by  this  means  the  sewage  in  the  culverts  is  reduced  to  8  feet 
depth,  that  being  the  lowest  level  at  which  it  can  discharge  direct 
into  the  river  by  the  outlet  U.  The  four  engines  when  pumping 
all  together  discharge  7  million  gallons  per  hour,  and  are  therefore 
capable  of  filling  the  reservoir  in  3|  hours,  the  total  contents  being 
24  million  gallons. 


The  Chairman  remarked  that  the  large  engines  described  in  the 
paper  just  read  were  doing  a  class  of  work  which  was  at  present 
rather  new  in  this  country,  but  the  importance  of  which  was  becoming 
more  and  more  apparent  every  year;  and  there  seemed  no  doubt 
that,  before  many  years  had  passed  by,  such  works  would  be  very 
largely  extended  in  difierent  parts  of  England.  He  enquired  whether 
the  engines  now  described  were  the  largest  that  had  yet  been 
constructed  for  the  purpose  of  pumping  sewage. 

Mr.  Hamilton  replied  that  the  Crossness  engines  described  in  the 
paper,  with  cylinders  48  inches  diameter,  were  of  the  largest  kind 
yet  at  work ;  but  a  pair  of  engines  were  now  being  put  up  at  the  Abbey 
Mills  station,  at  the  outfall  of  the  northern  drainage  of  London,  which 
had  cylinders  54  inches  diameter.     A  pair  had  also  been  put  up  at 
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Deptford  with  48  inch  cylinders;  and  all  these  engines  were 
constructed  on  very  nearly  the  same  plan,  being  all  employed  for 
pumping  the  sewage  of  London. 

Mr.  J.  McFarlane  Gray  enquired  what  was  the  consumption  of 
fuel  per  indicated  horse  power  of  the  engines. 

Mr.  Hamilton  replied  that  the  engines  were  workmg  at  202 
indicated  horse  power,  and  the  consumption  of  coal  was  about  2 '2 
lbs.  per  indicated  horse  power  per  hour. 

Mr.  F.  J.  BrAjMWELL  observed  that  the  practice  which  originated 
in  Cornwall  of  stating  the  duty  of  engines  in  millions  of  pounds 
raised  1  foot  high  by  the  consumption  of  1  cwt.  of  coal  had  the 
disadvantage  of  giving  a  sort  of  exaggerated  notion  of  the  work 
done ;  and  this  mode  of  stating  the  consumption  involved  the  trouble 
of  conversion  into  the  more  general  one  of  pounds  of  coal  consumed 
per  indicated  horse  power  per  hour.  For  the  purpose  of  comparison 
it  was  convenient  to  remember  that  a  consumption  of  1  lb.  of  coal 
per  hour,  for  each  horse  power  of  33,000  lbs.  raised  1  foot  high  per 
minute,  was  equivalent  to  a  duty,  excluding  friction  &c.,  of  very 
nearly  222  millions ;  and  similarly  a  consumption  of  2  lbs.  per  horse 
power  was  equivalent  to  a  duty  of  111  millions.  Hence  the 
consumption  now  stated  of  2'2  lbs.  per  indicated  horse  power  per 
hour  would  correspond  to  a  dn,ty  of  about  100  millions  ;  and  the 
actual  duty  given  in  the  paper  being  86  milhons,  the  difference  or 
14  per  cent,  was  the  proportion  of  power  expended  in  the  friction 
of  the  engines  and  the  working  of  the  air-pumps  &c.  A  duty  of 
86  miUions  was  however  a  very  high  performance  for  a  pumping 
engine,  and  greatly  in  excess  of  the  pumping  engines  in  Cornwall  at 
the  present  time,  the  average  duty  of  which  had  been  decreasing 
from  68  milhons  per  cwt.  of  coal  in  1844  to  51  millions  in  1859  ; 
while  for  the  month  of  August  last  the  average  was  a  little  below  50 
millions  per  cwt.  of  coal,  in  comparison  with  the  86  millions  performed 
by  the  Crossness  engines.  These  engines  were  therefore  a  practical 
proof  that  a  beam  engine  with  crank  and  flywheel  could  be  made  to 
give  as  good  a  duty  as  engines  of  Cornish  construction,  and  even  a 
better  duty.  In  the  present  instance  the  very  low  lift  at  Crossness 
would  certainly  be  disadvantageous  for  the  Cornish  engine,  which  if 
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used  at  all  should  only  be  employed  in  the  drainage  of  deep  mines, 
where  there  was  a  heavy  mass  of  pump  rods  to  be  set  in  motion 
at  the  beginning  of  each  stroke  ;  the  inertia  of  this  mass  counteracted 
the  sudden  large  pressure  produced  by  the  admission  of  the  high- 
pressure  steam  at  the  commencement  of  the  stroke,  while  the 
momentum  of  the  mass  when  put  in  motion  was  afterwards  given 
out  during  the  expansion  in  the  latter  part  of  the  stroke. 

In  reference  to  economy  of  working,  he  thought  attention  might 
with  advantage  be  directed  to  the  surprising  performance  of  the 
non-condensing  portable  agricultural  engines  exhibited  at  the  last 
show  of  the  Royal  Agricultural  Society  at  Bury  St  Edmunds. 
These  engines  were  tested  by  working  a  friction  break  loaded  by 
a  weight ;  and  the  power  was  arrived  at,  not  by  taking  an  indicator 
diagram  from  the  steam  cylinder,  but  by  the  actual  load  upon  the 
break  wheel,  so  that  the  result  gave  the  nett  effective  power, 
independent  of  the  friction  of  the  engine  and  break-pulley  axle  and 
the  slip  of  the  strap.  The  consumption  of  fuel  with  these  high- 
pressure  engines  was  found  to  be  less  than  3  lbs.  per  horse  power  per 
hour,  as  measured  by  the  break ;  which  would  be  equivalent  to  more 
than  74  millions  of  duty.  Such  a  performance,  on  the  part  of  engines 
not  possessing  the  advantage  of  a  large  vacuum  diagram,  was  so 
remarkable,  in  comparison  with  oth,er  engines  which  were  generally 
considered  to  be  very  economical  in  working,  that  he  thought  the 
m.atter  was  deserving  of  further  consideration.  It  might  be  partly 
accounted  for  by  the  very  efficient  manner  in  which  the  cylinders  of 
the  portable  engines  were  steam-jacketted,  not  only  all  round  the 
sides  but  also  over  the  covers  at  both  ends  ;  and  the  steam  jackets 
were  so  arranged  that  the  steam  which  became  condensed  in  them 
was  drained  back  into  the  boiler.  In  some  of  the  stationary  engines 
however  of  the  same  construction,  which  when  under  trial  were  not 
worked  from  their  own  boiler,  the  water  was  not  able  to  run  back 
from  the  steam  jacket  into  the  boiler  ;  in  this  case  it  had  been 
considered  by  some  of  the  exhibitors  that  it  would  be  a  disadvantage 
to  use  steam  in  the  jackets,  if  the  water  had  to  be  allowed  to  run  to 
waste  ;  but  others  with  a  better  appreciation  of  the  functions  of  a 
jacket  had  kept  the  steam  on,  and  had  derived  great  advantage  from 
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its  use  in  the  jacket,  notwithstanding  that  the  water  could  not  be 
returned  into  the  boiler  but  had  to  run  to  waste. 

In  the  leather  flap  valves  wliich  formed  the  delivery  valves  of 
the  plunger  pumps  in  the  Crossness  engines,  he  thought  there  might 
be  some  risk  that  the  flaps  might  not  be  all  opened  at  each  discharge 
of  the  pump,  but  that  a  portion  only  out  of  the  whole  number  might 
be  opened,  and  the  rest  remain  constantly  closed,  without  coming 
into  action  at  all.  For  it  appeared  from  the  paper  that  the  area  of 
opening  at  each  flap  was  12  inches  by  18  inches  (as  shown  in  the 
drawing.  Fig.  14)  ;  and  if  the  T\'idth  of  margin  all  round  were  f  inch, 
this  would  give  an  area  of  about  47  square  inches  of  beating  face  for 
each  flap.  Takrag  the  average  head  of  water  on  the  back  of  the 
valves  to  be  equivalent  to  12  lbs.  per  square  inch,  this  with  the 
atmospheric  pressure  of  14  lbs.  would  make  26  lbs.  per  square  inch, 
giving  upon  the  47  square  inches  area  of  facing  a  total  pressure  of 
1222  lbs.  or  more  than  half  a  ton  upon  each  flap  ;  and  to  overcome 
this  resistance  an  extra  pressure  would  be  required  upon  the  inner 
side  of  the  flap  amounting  to  5' 6  lbs.  per  square  inch,  in  order  to 
lift  the  valve  ofi"  the  face.  In  an  indicator  diagram  taken  from  the 
pump  itself,  this  extra  pressure  w^ould  not  appear  as  work  done,  but 
only  as  a  sudden  jump  of  the  indicator  at  the  very  commencement  of 
the  stroke,  because  the  action  was  altogether  momentary.  But  he 
thought  this  must  cause  the  valves  to  work  with  a  considerable 
amount  of  concussion ;  and  having  had  several  opportunities  of 
seeing  the  engines  at  work,  he  believed  that  was  actually  the  case. 
Supposing  moreover  that  some  of  the  valves  happened  to  have  a 
little  larger  facing  than  the  others,  those  valves  would  be  the  most 
difficult  to  drive  off"  their  seats ;  and  as  the  pressure  inside  the  pump 
was  greatly  reduced  the  moment  any  of  the  valves  w^ere  opened,  it 
appeared  probable  that  the  flaps  which  at  that  moment  still  remained 
unmoved  might  continue  closed  throughout  the  whole  delivery  of  the 
pump,  causing  the  water  to  be  throttled  in  its  passage  through  the 
valve  openings.  Thus  if  the  pressure  of  5*6  lbs.  per  square  inch  put 
upon  the  plungers  were  sufficient  to  drive  all  the  water  through  half 
of  the  valve  openings,  the  other  half  of  the  flaps  might  never  lift  at 
all  during  the  stroke  ;  and  therefore,  although  a  large  number  of 
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valves  were  provided,  it  did  not  follow  that  they  would  all  be  in 
action.  From  these  considerations  he  thought  it  would  have  been 
very  desirable  to  get  rid  of  the  large  area  of  facing  to  each  flap,  by 
adopting  some  other  construction  or  proportion  of  the  valves ;  and 
he  enquired  if  any  observations  had  been  made  as  to  whether  the 
whole  of  the  valves  did  open  in  regular  working. 

One  other  point  that  he  wished  to  allude  to  in  reference  to  the 
Crossness  engines  was  the  mode  of  condensation,  which  he  understood 
was  effected  by  injection,  the  sewage  water  pumped  up  by  the  engines 
being  used  for  the  purpose.  Such  a  plan  must  prove  detrimental 
to  the  engines  themselves  and  to  the  boilers  ;  and  it  was  matter  of 
surprise  that,  if  nothing  but  the  sewage  water  itself  was  available 
for  condensing  purposes,  a  surface  condenser  had  not  been  applied  to 
these  engines,  instead  of  injection. 

The  highly  economical  working  of  the  engines,  in  spite  of  the 
disadvantages  under  which  they  laboured  in  the  respects  that  he  had 
referred  to,  was  a  most  satisfactory  result,  and  reflected  the  greatest 
credit  upon  the  makers  ;  and  it  was  to  be  regretted  that  they  had 
been  restricted  to  particular  arrangements  in  certain  parts  of  the 
engines,  where  there  appeared  good  reason  for  considering  that  better 
plans  might  have  been  adopted. 

Mr.  Hamilton  explained  that  the  engines  had  been  constructed 
in  accordance  with  the  drawings  and  specification  supplied  for  the 
purpose,  and  he  concurred  in  thinking  that  the  improvements  now 
suggested  would  be  very  beneficial  to  the  working  of  the  engines. 
With  regard  to  the  objection  of  the  large  extent  of  beating  face  in 
the  delivery  valves,  he  had  endeavoured  to  obviate  this  by  diminishing 
the  width  of  the  beating  surface  all  round  the  flap  to  |  inch  or  rather 
less ;  but  it  was  then  found  that  the  wrought-iron  plates  upon  the 
backs  of  the  leather  flaps  were  broken  by  the  force  of  the  concussion 
in  closing,  and  it  had  therefore  been  necessary  to  increase  the  thickness 
of  metal  and  to  widen  the  beating  surface  to  |  inch,  which  was  the 
present  width.  There  had  not  been  any  means  of  observing  whether 
all  the  delivery  flaps  opened  at  each  discharge  of  the  pump  ;  but  he 
did  not  think  that  any  little  irregularities  arising  from  sticking  of  the 
valves    or  from  difference  of  weight  in  the  iron   plates  would  be 
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sufficient  to  interfere  with  the  flaps  all  opening  at  each  stroke ; 
because  the  moment  a  few  of  the  flaps  were  opened,  the  pressure 
behind  the  rest  was  so  much  reduced  that  they  would  be  lifted  off 
their  faces  by  a  much  lower  pressure  than  that  required  to  open  the 
first  few  flaps. 

In  reference  to  the  condensation  of  the  steam  in  these  engines, 
it  was  certainly  the  case  that  at  present  the  dirty  water  which  was 
discharged  into  the  river  from  the  sewage  was  being  employed  as 
injection  water  for  the  condensers ;  and  it  was  of  course  highly 
desirable  that  such  a  state  of  things  should  be  remedied.  This  was 
likely  to  be  accomplished  shortly,  he  believed,  either  by  the 
substitution  of  surface  condensers,  with  which  the  sewage  water  could 
still  be  made  of  service,  or  by  a  supply  of  pure  water  for  injection, 
pumped  from  wells  which  were  now  in  process  of  sinking  to  get 
pure  water  for  the  boilers. 

Mr.  J.  McFarlane  Gray  mentioned  that  in  the  case  of  air  pumps 
attached  to  marine  engines  he  had  met  with  many  instances  where 
much  trouble  had  been  experienced  from  thumping  of  the  valves, 
and  in  some  engines  the  air-pump  buckets  had  been  found  to  be 
broken.  On  taking  indicator  diagrams  from  the  air  pumps  in  several 
instances,  the  remarkable  circumstance  was  disclosed  that  the 
pressure  had  to  be  raised  in  some  cases  to  as  much  as  24  lbs.  per 
square  inch  above  the  atmosphere,  or  36  lbs  effective  pressure  above 
the  vacuum  (as  shown  at  A  in  Figs.  26  to  28,  Plate  89),  before  any 
delivery  took  place  through  the  discharge  valve ;  and  this  necessarily 
involved  a  corresponding  loss  of  work  in  the  mere  opening  of  the 
discharge  valve.  With  the  pumping  engines  described  in  the  paper 
there  was  of  course  no  such  actual  loss  of  work,  as  the  pumps  were 
always  full  of  water ;  but  there  would  no  doubt  be  a  concussion  upon 
the  valves  at  the  instant  of  commencing  the  discharge  stroke.  The 
difficulty  of  getting  the  valves  to  open  promptly  and  efficiently  was 
not  confined  to  the  ordinary  flap  valves,  like  those  shown  in  the 
drawing ;  but  the  same  was  the  case  with  the  plain  india-rubber 
disc-valves,  now  so  extensively  employed  for  the  air-pump  valves  in 
marine  engines,  and  it  was  to  these  that  the  indicator  diagrams 
shown  in  Figs.  26  to  28  referred.     The  grids  of  these  valves  were 
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now  frequently  made  with  round  holes  drilled  with  a  slight  bell 
mouth,  as  it  was  found  that  the  india-rubber  disc-valves,  particularly 
when  allowed  to  shift  round,  lasted  longer  than  with  the  grid  cast 
in  rectangular  holes.  He  thought  it  very  likely  that  the  irregular 
wearing  sometimes  observed  in  large  valves  might  be  due  to  the 
valve  opening  irregularly,  first  at  the  part  where  the  cover  of  the 
valve  was  the  least,  and  perhaps  remaining  altogether  closed  at  some 
other  parts. 

Mr.  0.  W.  Siemens  observed  that  the  rise  of  24  lbs.  per  square 
inch  above  the  atmosphere,  mentioned  as  having  occurred  in  the 
indicator  diagrams  taken  from  the  air  pumps  of  marine  engines, 
would  certainly  be  a  very  astonishing  pressure,  if  it  really  indicated 
a  corresponding  actual  pressure  in  the  air  pump  for  opening  the 
discharge  valve.  But  while  not  doubting  the  accuracy  of  the 
diagrams  taken,  he  suggested  that,  if  there  were  any  considerable 
length  of  horizontal  pipe  intervening  between  the  air  pump  and  the 
indicator,  and  containing  a  column  of  water,  the  sudden  jump  of  the 
indicator  (at  A,  Pigs.  26  to  28)  might  be  occasioned  by  the 
momentum  of  this  column  of  water  combined  with  the  momentum 
of  the  indicator  piston  itself,  at  the  instant  when  the  orifice  of 
the  pipe  became  covered  by  the  water  in  the  air  pump  ;  whereby 
the  piston  would  be  carried  up  far  beyond  the  point  really  indicating 
the  pressure  in  the  air  pump  at  that  moment.  This  view  seemed 
to  be  confirmed  by  the  corresponding  deep  hollow  B  immediately 
following  the  jump  A  in  the  diagrams,  which  would  be  occasioned 
by  the  rebound  of  the  indicator  piston  in  falling ;  and  he  thought 
therefore  that  the  actual  pressure  in  the  air  pump  at  the  moment 
of  discharge  was  probably  more  nearly  that  represented  by  the 
second  and  lower  oscillation  shown  at  C  in  the  diagrams  ;  the  amount 
of  this  second  rise  appeared  to  him  to  be  quite  sufficiently  above 
the  atmospheric  pressure,  not  only  to  ensure  the  prompt  opening 
of  the  discharge  valves,  but  to  show  there  must  be  something 
wrong  in  the  construction  of  the  valves  themselves,  that  they  did 
not  open  with  a  much  less  amount  of  pressure. 

Mr.  J.  McFaelane  Gray  did  not  think  the  great  rise  at  A  in  the 
air-pump  diagrams  (Figs,  26  to  28)  could  be  accounted  for  as  a  mere 
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jump  of  the  indicator  piston,  occasioned  by  its  own  momentum  or 
that  of  water  in  the  connecting  pipe  ;  for  an  approximate  independent 
calculation  of  the  quantity  of  water  discharged  by  the  air-pump  at 
each  stroke  showed  the  space  occupied  by  the  water,  and  the 
ascending  cui've  in  the  diagrams  being  found  to  form  a  regular 
hyperbolic  expansion  curve  up  to  the  point  A,  the  vertical  asymptote 
DE  of  the  hyperbola  coincided  with  the  ordinate  which  marked  off 
the  space  due  to  the  calculated  quantity  of  water.  He  accordingly 
considered  that  the  point  A  indicated  the  actual  pressure  reached  in 
the  pump  at  the  moment  when  the  discharge  valve  opened.  The 
succeeding  drop  in  the  diagrams  to  the  point  B  was  no  doubt 
satisfactorily  explained  by  the  recoil  of  the  indicator  piston,  in 
consequence  of  the  sudden  liberation  of  the  compressed  au'  on  the 
opening  of  the  valve ;  this  was  followed  by  a  counter-recoil  at  C, 
and  the  average  line  of  these  two  recoils  would  show  the  constant 
pressure  necessary  for  keeping  the  valve  open  to  the  required  extent 
for  the  discharge  of  the  water  during  the  last  portion  of  the  stroke. 
The  amount  of  the  presssure  required  for  opening  the  valve  in  the 
first  instance,  as  shown  at  A  in  the  diagrams  now  exhibited,  was 
no  doubt  very  nauch  beyond  what  might  have  been  generally 
expected  previous  to  the  evidence  afforded  by  the  application  of 
the  indicator ;  but  he  thought  it  did  not  seem  excessive  when  it 
was  considered  that  the  total  area  of  passage  afforded  by  the  small 
round  holes  in  the  grid  of  an  india-rubber  discharge  valve  amounted 
to  less  than  half  the  area  of  the  valve  disc ;  this  alone  would  require 
the  pressure  to  be  proportionately  increased  for  opening  the  valve. 

Mr.  W.  Natlor  remarked  that,  in  reference  to  the  amount  of 
force  required  for  opening  the  delivery  flap  valves  in  the  pumping 
engines  described  in  the  paper,  he  thought  a  still  more  important 
question  to  be  considered  was  the  force  exerted  to  close  the  delivery 
valves  at  the  end  of  the  stroke,  by  the  return  pressure  of  the  column 
of  water  on  the  back  of  the  valve ;  and  with  the  size  of  the  flap  valves 
shown  in  the  drawing,  with  12  in.  X  18  in.  openings,  he  was  not 
surprised  to  learn  that  anything  less  than  J  inch  width  of  beating 
face  all  round  had  been  found  insufficient  in  working.  An  illustration 
had  occurred  in  his  own  experience  some  years  ago,  of  the  great 
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amonnt  of  force  exerted  by  tlie  return  pressure  of  a  column  of  water 
in  a  pump ;  for  in  the  case  of  a  force-pump  erected  for  pumping 
water  under  a  pressure  of  only  36  lbs.  per  square  incb,  tbe  delivery 
pipe  frequently  gave  way  at  the  bottom,  close  to  the  pump ;  and  on 
applying  a  pressure  gauge  at  that  place  it  was  found  that  immediately 
after  the  termination  of  each  stroke  the  pressure  rose  to  as  much  as 
156  lbs.  per  square  inch,  in  consequence  of  the  momentum  of  the 
returning  column  of  water  being  suddenly  checked  by  the  closing 
of  the  valve,  so  that  it  acted  as  a  hydraulic  ram.  In  this  case  the 
lift  of  the  valve  was  not  more  than  about  1 J  inch,  its  diameter  being 
only  5  inches ;  and  therefore  as  the  concussion  was  so  violent 
on  this  small  scale,  it  was  evidently  of  great  importance  that  in  large 
pumping  engines  some  provision  should  be  made  for  gradually 
stopping  the  return  motion  of  the  water  in  the  delivery  main,  so  as 
to  reduce  the  violence  of  the  blow  in  the  closing  of  the  flap  valves. 
In  the  instance  he  had  referred  to,  an  air  vessel  subsequently  fixed 
between  the  pump  and  rising  main  was  ejffectual  in  preventing  any 
further  accident  to  the  pipe. 

Mr.  E.  A.  CowPER  quite  agreed  in  the  opinion  that  the  concussion 
produced  by  the  closing  of  the  large  flap  valves  in  the  pumping 
engines  now  described  was  a  far  more  serious  consideration  than  the 
slight  shock  occasioned  in  opening  the  valves  :  it  was  the  plungers 
returning  with  the  delivery  valves  still  partly  open  that  caused  the 
blow  to  be  so  serious ;  and  he  was  surprised  at  the  flap  valves  being 
made  of  so  large  a  size  as  shown  in  the  drawings,  and  thought  they 
would  be  much  better  if  made  considerably  smaller.  With  regard 
to  the  use  of  leather  for  the  beating  faces  of  the  valves,  he  had 
found  in  some  sewage  pumps,  which  he  had  put  up  some  years  ago, 
that  leather  became  worn  out  in  three  months  when  used  for  this 
purpose,  whereas  good  white  vulcanised  india-rubber  lasted  much 
better,  the  injurious  effect  of  the  blow  in  the  closing  of  the  valves 
being  also  lessened  by  the  elasticity  of  the  india-rubber ;  and  he 
behoved  therefore  india-rubber  would  have  been  preferable  in  the 
engines  now  described,  and  would  last  much  longer  than  the  leather. 
The  plungers  being  arranged  to  work  in  sets  of  four  in  one 
cylindrical  barrel  or  plunger  case,  there  was  of  course  a  good  deal 
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of  space  left  between  them ;  and  the  air  collected  there  would  be 
constantly  expanding  and  contracting  at  each  stroke  of  the  plungers, 
if  allowed  to  remain  in  the  pump,  and  Avould  thereby  occasion  a 
waste  of  power. 

In  reference  to  the  excess  of  pressure  necessary  to  open  the 
delivery  flap  valves,  this  was  certainly  a  serious  addition  to  the  work 
to  be  done  by  the  engine ;  and  in  the  case  of  a  condensing- engine 
air-pump  he  had  found  by  an  indicator  that  the  pressure  rose  to 
the  extent  of  as  much  as  3  to  4  lbs.  per  square  inch  above  the 
actual  dehvery  pressure,  equivalent  to  an  extra  head  of  about  7  feet 
of  water.  This  was  about  the  amount  of  the  head  upon  the 
delivery  valve  of  a  marine-engine  air-pump,  so  that  in  that  case  the 
pressure  for  the  time  would  be  doubled ;  but  with  the  small  round 
holes  in  the  grid  of  an  india-rubber  disc- valve,  the  pressure  would 
have  to  be  increased  beyond  the  3  or  4  lbs.  corresponding  to  that 
head,  in  consequence  of  the  greatly  diminished  area  of  passage 
through  the  valve.  He  did  not  think  however  that  round  holes 
were  now  usual  for  the  grids  of  such  valves,  but  believed  the 
gratings  were  generally  made  with  narrow  rectangular  openings,  the 
grid  bars  being  rounded  on  the  top  surface  ;  by  this  means  the 
excess  of  pressure  necessary  to  lift  the  india-rubber  disc  off  the  bars 
was  reduced  to  a  minimum.  He  had  had  india-rubber  valves  in 
excellent  condition  after  four  years'  wear. 

With  respect  to  the  indicator  figures  taken  from  the  steam 
cylinders  of  the  engines  described  in  the  paper,  he  enquired  what 
had  been  the  reason  for  carrying  the  expansion  to  so  great  an  extent 
in  a  single  cylinder,  considering  that  in  the  present  instance  the  low 
lift  of  the  pumps  did  not  admit  of  the  heavy  weight  of  pump  rods, 
which  in  the  ordinary  Cornish  engine  constituted  the  main  ground 
for  the  high  degree  of  expansion  there  employed.  He  suggested 
that  if  the  indicator  figure  had  been  cut  in  half,  and  the  expansion 
performed  by  means  of  a  double-cylinder  engine  expanding  to  half 
the  extent  in  each  cylinder,  the  strain  upon  all  the  parts  of  the 
engines  would  have  been  much  less,  and  the  present  enormous  fly- 
wheels of  50  tons  weight  would  not  have  been  wanted.  He 
understood  in  fact  that  the  flywheels  were  at  first  intended  to  be 
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only  25  tons  weight ;  but  they  had  been  made  of  50  tons  weight, 
in  order  to  be  capable  of  absorbing  the  excessive  amount  of  power 
which  was  thrown  into  the  wheel  by  the  extreme  pressure  on  the 
piston  at  the  commencement  of  each  stroke.  The  same  amount  of 
power  had  to  be  given  out  again  by  the  flywheel  at  the  close  of  the 
stroke ;  and  there  could  be  no  doubt  therefore  that  this  constant 
transfer  of  such  large  amounts  of  power  at  each  stroke  must  throw 
a  very  great  strain  upon  the  beam,  connecting-rod,  pump  rods, 
and  foundation,  and  must  seriously  increase  the  cost  of  maintaining 
the  engine.  He  thought  a  cheaper  engine,  with  much  less  strain 
upon  the  parts,  might  be  made,  requiring  considerably  less  power 
to  do  the  same  amount  of  work.  From  the  experience  of  a  pair 

of  single- cylinder  engines  which  he  had  made  many  years  previously, 
he  was  satisfied  that  it  was  not  advantageous  to  expand  beyond  a 
certain  moderate  extent  in  one  cylinder ;  whereas  in  other  engines 
having  two  cylinders  he  had  found  no  difficulty  in  carrying  the 
expansion  further  than  in  the  engines  now  described. 

As  to  the  use  of  the  sewage  water  for  the  injection  in  the 
condenser,  he  thought  there  could  not  be  two  opinions  as  to  the 
objectionable  nature  of  such  a  plan  ;  and  with  the  advantage  of  an 
unlimited  supply  of  the  cold  sewage  water  pumped  up  by  the  engines, 
it  certainly  seemed  very  desirable  to  substitute  surface  condensation, 
whereby  a  supply  of  pure  water  would  always  be  returned  to  the 
boilers.  Moreover  with  a  surface  condenser  there  was  the  further 
advantage  that  at  least  another  inch  of  vacuum  was  gained,  as 
compared  with  an  injection  condenser. 

Mr.  J.  McFarlane  Gray  explained,  with  regard  to  the  holes  in 
the  gratings  of  india-rubber  valves,  that  although  narrow  rectangular 
holes  had  been  extensively  adopted  for  the  purpose,  the  round  holes 
were  now  more  generally  employed  in  the  case  of  marine- engine 
air-pumps,  because  it  was  found  that  the  grids  with  rectangular  holes 
were  liable  to  become  cracked  through  at  the  corners  of  the  holes, 
particularly  in  the  air-pump  buckets.  In  the  repairs  of  marine 
engines  he  had  frequently  been  called  upon  to  replace  the  original 
gTids  with  rectangular  holes  by  new  ones  with  round  holes,  at  the 
request  of  the  engineers  in  charge    of  the  vessels.      It    was   also 
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found  that  the  round  holes  had  the  advantage  of  not  cutting  the 
india-rubber  so  much  as  rectangular  holes  did. 

Mr.  ILvMiLTOx  said  that,  respecting  the  comparative  durability 
of  india-rubber  and  leather  for  the  beating  faces  of  pump  valves,  his 
own  experience  did  not  enable  him  to  state  which  material  was  the 
best.  He  had  found  india-rubber  a  very  perishable  article,  wearing 
away  very  rapidly,  and  indeed  under  ordinary  pressures  much  more 
rapidly  than  leather.  For  work  of  the  kind  described  in  the  paper 
he  behoved  leather  was  best ;  and  he  had  met  with  cases  in  which 
india-rubber  had  not  lasted  more  than  a  month  for  similar  purposes. 
The  flap  valves  for  the  delivery  from  the  pumps  shown  in  the  drawing 
were  no  doubt  of  large  size,  and  it  might  perhaps  be  more  economical, 
in  regard  to  the  wear  of  the  beating  surfaces  and  the  force  required 
to  open  the  flaps,  if  they  were  made  of  a  smaUer  size;  but  the 
difficulty  then  would  be  to  get  the  requisite  area  of  passage  for  the 
quantity  of  water  discharged  by  the  pump. 

In  reference  to  the  suggestion  that  only  a  certain  number  of  the 
flap  valves  might  open  for  the  passage  of  the  water,  while  the  rest 
might  remain  shut,  he  doubted  greatly  whether  that  was  ever  the  case 
in  reality,  and  he  behoved  that  in  fact  all  the  valves  did  open.  The 
india-rubber  disc- valves,  which  had  been  spoken  of  so  favourably  in 
connection  with  marine-engine  air-pumps,  would  certainly  not  have 
been  suitable  for  the  present  purpose ;  because  a  large  portion  of  the 
area  at  the  centre  of  each  disc,  where  it  was  held  down  tight  to  the 
grid,  was  practically  useless  for  the  passage  of  the  water,  and  the 
rise  at  the  circumference  of  the  india-rubber  disc  gave  an  area 
of  passage  which  was  generally  only  about  one  quarter  of  the 
area  of  the  disc  itself.  Moreover  the  vacant  spaces  left  between 
a  number  of  the  circular  india-rubber  valves  would  reduce  the 
area  of  passage  at  least  one  third  in  the  first  instance ;  for  in 
punching  out  the  blanks  for  coins  in  coining  presses,  it  was  found 
that,  when  the  holes  were  punched  as  close  together  as  practicable, 
there  was  still  fully  one  third  of  the  metal  left  behind.  On  these 
accounts,  notwithstanding  the  disadvantages  of  flap  valves,  he 
preferred  to  use  them  for  the  delivery  valves  of  the  pumping  engines 
described  in  the  paper ;  and  for  the  same  reasons  he  also  continued 
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to  use  flap  valves  for  tlie  air-pump  foot  and  delivery  valves  of 
condensing  engines,  except  in  the  case  of  marine  engines,  wliere  the 
india-rubber  disc- valves  were  employed  on  account  of  their  easier 
action  for  a  quick  speed.  The  most  serious  objection  to  the  flap 
valves  he  considered  was  the  injury  done  by  the  back  blow  of  the 
flaps  in  closing,  which  destroyed  the  material  of  the  beating  faces, 
whether  india-rubber  or  leather. 

No  difficulty  had  been  experienced  from  accumulation  of  air  in  the 
pump  case  in  which  the  plungers  worked,  nor  were  air  cocks  found 
necessary  for  getting  rid  of  it.  Any  air  making  its  way  to  the  top 
of  the  case  escaped  through  the  stuffing-boxes  of  the  plungers, 
which  were  not  air-tight,  although  packed  tight  enough  to  prevent 
leakage  of  water. 

With  regard  to  the  use  of  double  cylinders,  for  the  purpose  of 
obtaining  the  same  degree  of  expansion  in  two  stages,  the  experience 
of  the  working  of  the  double- cyliader  engines  at  the  New  River 
"Water  Works  had  led  to  the  conclusion  that  the  single  cylinder 
was  best.  A  double- cyhnder  engine  was  much  more  complicated  in 
construction ;  and  the  extra  expense  of  keeping  it  in  order,  in 
consequence  of  the  greater  number  of  parts  exposed  to  wear  and  tear, 
as  well  as  the  extra  friction,  was  considered  objectionable.  In  the 
engines  now  described,  the  object  was  to  get  the  greatest  amount 
of  expansion  possible  in  a  single  cylinder,  using  of  course  a 
proportionately  heavy  flywheel  to  equalise  the  motion. 

Mr.  B.  P.  Walkee  enquired  whether  any  comparison  had  been 
made  between  centrifugal  pumps  and  pumps  such  as  those  described 
in  the  paper,  and  what  was  the  comparative  value  of  the  two  in 
raising  large  quantities  of  water. 

Mr.  Hamilton  replied  that  he  had  made  a  number  of  careful 
experiments  with  centrifugal  pumps,  and  he  believed  the  duty  done  by 
the  engines  now  described  was  quite  double  that  performed  by  the 
best  centrifugal  pump. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Hamilton  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read :- 
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DESCRIPTION  OF  AN  IMPROVED 
STEAM  PILE  DRIVER  WITH  ENDLESS  CHAIN. 


By  Mr.  PETER  B.  EASSIE,  of  Gloucester. 


The  Steam  Pile  Driver  forming  tlie  subject  of  the  present  paper 
belongs  to  the  class  of  endless- chain  pile  drivers,  which  have  now 
come  into  extensive  use  for  large  works  both  in  this  country  and 
abroad,  being  found  to  possess  an  important  practical  advantage  in 
the  continuous  motion  of  the  chain  running  always  in  the  same 
direction ;  in  consequence  of  which  the  engine  never  requires  to  be 
stopped  or  reversed  during  the  performance  of  the  work,  nor  are 
any  reversing  clutches  required  for  reversing  the  motion  of  the 
crab  winding  the  chain.  The  object  of  the  writer  in  designing  the 
improved  pile  driver  about  to  be  described  has  been  to  remove  some 
defects  in  detail  that  are  involved  in  the  ordinary  construction  of 
endless-chain  pile  drivers. 

The  chief  improvement  aimed  at  in  this  pile  driver  has  been 
to  lift  the  ram  by  its  centre  of  gravity,  and  thus  reduce  the  friction 
on  the  front  and  back  of  the  leaders.  In  the  pile  drivers  hitherto  in 
use  the  ordinary  mode  of  attachment  of  the  lifting  chain  to  the  ram 
has  been  as  shown  in  Figs.  4  and  5,  Plate  91,  where  the  attachment 
of  the  ram  A  to  the  chain  C  is  at  the  back  of  the  leaders  B  ;  and  the 
ram  is  released  either  by  withdramng  the  catch  D,  as  shown  in 
Fig.  4,  or  by  throwing  out  the  chain  from  the  catch  by  an  incHned 
stop  E,  as  shown  in  Fig.  5.  Although  the  effect  of  the  blow  when 
the  'ram  is  released  is  the  same  as  with  any  other  mode  of 
attachment,  the  friction  in  hfting  is  excessive,  in  consequence  of  the 
nipping  action  at  front  and  back  of  the  leaders,  arising  from  the 
canting  of  the  ram  against  the  leaders ;  and  this  binding  effect 
increases  in  intensity  the  greater  the  distance  of  the  point  of 
attachment  from  the  line  of  the  centre  of  gravity  of  the  ram.  This 
friction  has  been  ascertained  by  experiment  to  amount  to  nearly  one 
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fourth,  of  tlie  whole  weight  of  the  rani,  so  that  in  lifting  a  ram  of 
1  ton  weight  the  force  required  to  be  exerted  amounts  to  Ij  ton,  in 
addition  to  that  required  to  overcome  the  inertia  of  the  machinery. 

Another  improvement  is  the  introduction  of  springs  to  reduce  the 
intensity  of  the  sudden  strain  caused  by  the  weight  of  the  ram  being 
thrown  suddenly  on  the  chain,  in  consequence  of  the  lifting  hook 
engaging  in  the  chain  while  moving  at  a  considerable  velocity.  This 
is  an  essential  provision  for  preventing  injury  not  only  to  the  chain 
itself,  but  also  to  the  general  framing  of  the  machine,  by  preventing 
shocks  to  the  framing  at  the  moment  of  commencing  to  lift  the  ram. 

The  improved  pile  driver  is  shown  in  Figs.  1,  2,  and  3,  Plates  90 
and  91.  Fig.  1  is  a  side  elevation  of  the  pile  driver  driving  a  raking 
pile ;  and  Fig.  2  a  side  elevation,  partly  in  section,  of  one  driving  an 
upright  pile ;  Fig.  3  shows  a  front  elevation  of  the  machine.  Figs. 
6,  7,  and  8,  Plate  92,  show  the  ram  of  the  pile  driver  in  the  act  of 
being  raised  in  Fig.  6,  at  the  moment  of  being  released  in  Fig.  7,  and 
in  Fig.  8  it  has  just  fallen  and  struck  the  blow. 

The  ram  A,  shown  to  a  larger  scale  in  Figs.  9  to  11,  Plate  93, 
weighing  from  15  to  30  cwts.,  slides  freely  between  the  leaders  B  B, 
being  kept  in  position  by  the  two  clamp  bolts  G  Gr,  which  fit  into 
slots  in  the  ram,  and  have  eyes  at  the  back  for  the  lifting  chain  C 
to  pass  through,  Fig.  6.  The  steel  hook  H,  for  lifting  the  ram,  is 
jointed  on  the  top  of  a  rod  passing  through  the  centre  of  gravity  of 
the  ram ;  and  is  constantly  pressed  inwards  by  a  small  spiral  spring  I, 
so  as  to  engage  in  the  links  of  the  lifting  chain  0.  The  attachment 
of  the  lifting  rod  to  the  ram  is  made  with  springs  J  J,  in  order  to 
ease  the  sudden  strain  occasioned  by  the  weight  of  the  ram  being 
thrown  suddenly  upon  the  chain.  India-rubber  springs  are  found 
to  serve  this  purpose  the  best,  steel  volute  springs  having  been  found 
liable  to  break,  as  the  space  through  which  the  lifting  rod  has  to 
yield  amounts  sometimes  to  as  much  as  2  inches  when  the  chain  is 
driven  at  its  greatest  speed. 

The  lifting  chain  0,  passing  up  through  the  eyebolts  G  at  the 
back  of  the  ram.  Figs.  6  to  8,  is  brought  forwards  to  the  front 
of  the  leaders  B   and  into  the  line   of  the    centre   of  gravity   of 
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the  ram  by  means  of  the  "follower"  F,  which  consists  of  a  light 
iron  frame  carrying  the  roller  F  and  sliding  freely  between  the  two 
leaders  B  B,  as  shown  to  a  larger  scale  in  Figs.  18  to  20,  Plate  94. 
During  the  ascent  of  the  ram,  the  follower  rests  upon  the  top  of  it, 
and  is  carried  up  with  it,  as  shown  in  Fig.  6 ;  and  as  soon  as  the 
lifting  hook  H  has  been  disengaged  from  the  chain  by  the  "  striker 
off"  K,  Fig.  7,  the  ram  falls  and  gives  the  blow,  as  in  Fig.  8,  and 
the  follower  runs  down  after  it  as  rapidly  as  the  friction  of  the  chain 
in  passing  under  the  roller  F  will  allow.  The  slight  retardation  thus 
produced  in  the  descent  of  the  follower  is  sufficient  to  allow  time 
for  the  rebound  of  the  ram  after  striking  the  blow  to  cease,  before 
the  follower  overtakes  it ;  and  an  india-rubber  buffer-spring  fixed  in 
the  bottom  of  the  follower  reduces  the  shock  of  the  follower  falling 
upon  the  ram.  The  roller  F  of  the  follower  is  made  of  wood 
hooped  with  iron,  and  revolves  freely  between  the  side  plates  of  the 
follower ;  while  the  sloping  fender-plate  L  prevents  the  slack  of  the 
chain  from  accumulating  at  the  follower.  The  follower  is  guided 
between  the  leaders  B  B  by  four  strips  of  angle  iron  rivetted  on  the 
side  plates,  as  shown  in  the  plan.  Fig.  20 ;  and  as  soon  as  the 
follower  overtakes  the  ram,  it  brings  the  lifting  chain  within  reach 
of  the  hook  H,  which  instantly  engages  in  the  chain  again,  and  the 
ram  is  again  raised  as  before. 

In  most  other  pile  drivers  worked  by  an  endless  chain  it  is  found 
in  practice  that  the  ram  is  hable  to  be  caught  again  by  the  chain  while 
it  is  in  the  act  of  rebounding  after  the  blow  has  been  struck ;  and  this 
has  doubtless  been  the  cause  of  the  trouble  hitherto  experienced 
with  these  machines,  from  breakages  of  the  chain  and  injury  to  the 
wood  framing  of  the  pile  driver.  But  with  the  above  arrangement, 
as  the  ram  falls  freely,  while  the  follower  is  retarded  in  its  descent 
by  having  to  run  down  the  chain,  there  is  time  allowed  for  the  ram 
to  cease  rebounding  off  the  pile,  before  the  follower  can  again  attach 
the  chain  to  it.  The  result  has  been  that,  during  the  whole  of  the 
writer's  experience  with  the  improved  pile  drivers,  not  a  single 
breakage  of  the  lifting  chain  has  occurred,  with  the  exception  of  the 
machine  first  made,  which  was  used  in  driving  cast-iron  piles,  when 
the  lifting  chain  was  found  to  be  too  weak. 

n2 
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The  "  striker  off,"  for  disengaging  tlie  ram  from  the  lifting 
chain,  is  shown  in  Figs.  15  to  17,  Plate  94,  and  consists  of  an  iron 
framing  somewhat  similar  to  the  follower,  on  the  front  of  which  are 
centred  a  pair  of  bell- crank  levers  carrying  a  roller.  When  the 
engaging  hook  H  of  the  ram  com6s  in  contact  with  this  roller,  it 
first  raises  the  levers  and  gives  them  a  nipping  action  upon  the 
leaders  B,  whereby  the  striker-off  is  held  tight  in  its  place  and 
prevented  from  being  hfted  by  the  ascent  of  the  hook ;  and  then  the 
roller  K  bearing  against  the  tapered  extremity  of  the  hook,  as  shown 
in  Fig.  7,  disengages  the  hook  from  the  lifting  chain  0,  and  the  ram 
falls  freely.  The  height  of  fall  is  regulated  simply  by  raising  or 
lowering  the  striker-off  by  the  cord  M,  which  passes  over  a  pulley  on 
the  top  of  the  leaders,  the  end  of  the  cord  being  secured  within 
reach  of  the  engineman. 

The  endless  pitch- chain  0,  Fig.  6,  by  which  the  ram  is  lifted,  is 
shown  to  a  larger  scale  in  Figs.  12  to  14,  Plate  94,  and  consists  of 
double  and  single  links  alternately;  the  lifting  hook  of  the  ram 
engaging  in  the  spaces  left  between  the  double  links.  The  links  are 
curved  on  the  edges  to  fit  the  rollers  over  which  the  chain  runs. 
The  pins  are  of  steel,  and  the  middle  portion  passing  through  the 
centre  link  is  made  of  rather  larger  diameter  than  the  two  ends, 
leaving  a  shoulder  against  which  the  outside  links  are  j^ivetted  on 
tight,  so  that  the  centre  link  can  work  freely  on  the  pin.  At  about 
every  8  feet  in  length  of  the  chain  a  screw  pin  is  used  instead  of 
a  rivet,  for  facility  in  putting  the  chain  together,  or  for  taking  it  to 
pieces  in  case  of  repairs. 

During  the  working  of  the  pile  driver,  the  chain  is  kept 
constantly  running  in  an  upward  direction  in  front  of  the  leaders, 
for  lifting  the  ram.  It  passes  over  the  pulley  'N,  Figs.  1  and  2,  at 
the  top  of  the  leaders,  and  thence  down  to  the  pitched  wheel  0 
on  the  main  shaft  of  the  crab ;  then  under  a  guide  roller  in  the 
platform  of  the  machine,  and  up  behind  the  leaders  to  the  follower  F, 
by  which  it  is  again  brought  in  front  of  the  leaders  above  the 
ram  A.  The  chain  is  tightened  or  slackened  as  requu-ed  by  means  of 
adjusting  screws  regulating  the  position  of  the  top  pulley  N".     In 
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practice  it  is  kept  slack  enough  to  allow  of  the  follower  F  descending 
readily  by  its  own  weight  after  each  fall  of  the  ram. 

The  whole  machine  is  carried  on  a  platform  P,  Figs.  1  and  2, 
ha\aug  at  each  corner  double-flanged  wheels,  so  that  the  pile  driver 
can  be  moved  easily  in  either  direction  on  rails  laid  down  for  the 
purpose.  On  this  lower  platform  is  carried  an  upper  one,  turning 
upon  a  centre  pin  hke  an  ordinary  turntable,  so  as  to  allow  the  pile 
driver  to  be  faced  to  any  of  the  four  sides  of  the  machine.  Anything 
that  adds  to  the  handiness  of  a  pile  driver  is  always  found 
advantageous,  and  this  simple  turntable  increases  the  efficiency  of 
the  machine  and  often  saves  considerable  time.  On  the  upper 
platform  are  hinged  the  leaders  B  and  side  stays,  connected  by 
framing  to  the  back  ladder  Q,  at  the  foot  of  which  there  is  a  strong 
adjusting  screw  and  guide  R,  allowing  the  pile  driver  to  be  set  to 
any  inclination  up  to  1  in  6  when  required,  in  order  to  drive  raking 
piles,  as  shown  in  Fig.  1.  The  boiler  is  an  upright  one,  and  the 
engine  is  placed  vertically  with  the  cylinder  inverted,  working  down 
upon  the  crank  shaft,  on  which  is  the  pinion  driving  the  crab  O. 
The  large  shaft  of  the  crab  carries  a  double  clutch-box,  having  on 
one  side  the  chain  drum  for  lifting  the  pile,  and  on  the  other  side 
the  pitched  wheel  driving  the  endless  chain  C  which  raises  the  ram. 
A  break  is  provided,  so  that  either  the  pile  or  the  ram  can  be  lowered 
gently  at  any  time.  The  boiler,  engine,  and  steam  crab,  being  on 
an  independent  base-plate,  are  available  for  other  purposes,  such  as 
hoisting,  pumping,  and  other  operations  required  on  large  works ; 
and  they  are  complete  for  these  purposes,  whether  that  portion  of 
the  machine  used  in  pile  driving  is  taken  away  or  not. 

Next  in  importance  to  obtaining  a  pile  driver  which  will  work 
economically  in  respect  of  fuel,  and  having  also  a  sufficiently  long 
range  of  fall  that  can  be  easily  increased  or  diminished,  is  a  quick  and 
ready  means  of  transporting  the  machine  from  pile  to  pile.  With 
this  view  the  weight  of  the  whole  machine  itself  has  to  be  reduced 
as  far  as  practicable,  by  making  all  the  component  parts  as  light  as 
possible,  consistent  with  its  general  efficiency.  In  large  engineering 
workshops,   where  heavy  weights   are  constantly  being  lifted  and 
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removed  to  different  machines,  various  descriptions  of  traversing 
cranes  are  adopted,  so  that  the  heavy  masses  can  be  deposited  at 
any  point  of  a  large  space  commanded  by  the  traverser.  A  pile 
driver  mounted  on  a  traverser  of  this  description  is  always  a  sure 
source  of  economy  in  such  works  as  piers  running  out  to  sea,  or  pile 
foundations  for  walls  ;  the  traverser  being  made  to  span  the  full 
width  of  the  pier  or  wall,  so  that  the  pile  driver  can  be  easily 
moved  to  any  position  commanded  by  the  traverser.  Thus  in  the  case 
of  driving  piles  level  with  the  ground  for  the  foundation  of  a  wall, 
supposing  that  in  the  breadth  of  the  wall  there  are  four  or  more  rows 
of  piles,  the  writer  is  satisfied  that,  by  laying  rails  outside  the  field  of 
operation  and  using  a  traverser  with  a  pile  driver  moving  transversely 
upon  it,  a  saving  of  one  third  the  labour  expended  in  driving  the 
piles  by  the  ordinary  machine  can  be  effected,  owing  solely  to  the 
time  taken  up  in  moving  the  latter  from  one  pile  to  another. 
Similarly  in  the  case  of  timber  piers  running  out  to  sea,  if  the  number 
of  piles  to  be  driven  be  sufficient  to  warrant  the  extra  outlay  incurred, 
a  large  saving  is  effected  by  erecting  gantries  on  which  a  traverser 
may  run,  carrying  a  pile  driver  moving  across  it,  so  as  to  command 
the  whole  space  of  operations.  These  gantries  are  then  still  available 
also  for  all  other  operations ;  so  that  pile  driving,  dredging,  and 
lifting  heavy  weights  can  all  be  carried  on  simultaneously. 

The  pile  driver  shown  in  Tigs.  21  and  22,  Plates  95  and  96,  is 
of  this  class,  and  is  called  a  "  telescopic  pile  driver,"  being  designed 
not  only  to  command  a  large  area  and  put  down  a  pile  readily  in  any 
position  included  by  the  line  of  rails  on  the  gantries  S  S,  but  also  to 
drive  piles  30  or  40  feet  below  the  level  of  the  rails  on  which  it 
traverses.  It  is  thus  of  great  value  in  running  out  piers  in  deep 
water  or  driving  piles  in  trenches.  Figs.  21  and  22  represent  the 
nature  of  the  work  that  had  to  be  done  by  the  first  pile  driver 
of  this  construction,  which  was  adopted  by  the  Admiralty  for  driving 
piles  in  trenches  in  the  extension  works  at  Chatham.  In  this  case 
the  trenches  were  cut  out  of  soft  clay  and  other  yielding  materials, 
so  that  the  sides  required  supporting  by  means  of  the  struts  T  T ; 
and  it  was  therefore  necessary  that  in  traversing  longitudinally  over 
the  trench  the  pile  driver  should  pass  clear  above  the  struts  T. 
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The  traverser  U  is  mounted  on  wheels  running  upon  the  rails  laid 
on  the  gantries  S  S.  The  longitudinal  traverse  is  effected  by  means 
of  the  shaft  and  pinion  V,  driven  by  the  engine  of  the  pile  driver ; 
and  the  cross  traverse  of  the  pile  driver  upon  the  traverser  is  effected 
by  chain  gearing  from  the  steam  crab.  A  pile  can  then  be  driven  in 
any  portion  of  the  space  comprised  within  the  gantries ;  and  the 
traverser  overhangs  the  gantry  on  one  side  at  W,  so  that  the  piles 
may  be  driven  close  to  that  side  of  the  trench  as  well  as  the  other. 

In  order  to  drive  a  pile  to  the  bottom  of  the  trench,  a  long 
frame  XX  is  introduced,  called  the  "needle,"  sliding  freely  between 
pieces  of  T  iron  fastened  on  each  edge  of  the  leaders  B  of  the  pile 
driver.  This  frame  is  raised  and  lowered  by  the  chains  Y,  attached 
to  each  side  of  it  and  T^^nding  upon  a  drum  on  the  steam  crab;  and  it 
serves  as  the  guide  for  the  ram  and  follower,  in  place  of  the  leaders 
themselves.  The  plan  usually  adopted  is  to  fasten  the  lower  end  of 
the  needle  X  to  the  head  of  the  pile,  as  shown  in  Fig.  22 ;  or  the 
needle  may  be  lowered  at  once  to  the  bottom  of  the  trench,  as  in 
Fig.  21.  After  the  pile  has  been  driven,  the  needle  is  raised  clear  of 
the  struts  T  or  level  with  the  rails,  and  the  machine  can  then  be 
traversed  in  any  direction  longitudinally  or  transversely,  the  whole 
of  the  movements  and  the  lifting  of  the  needle  being  effected  by  the 
steam  power  on  the  platform  of  the  pile  driver.  The  leaders  and 
side  stays  of  the  machine  are  hinged,  so  that  they  can  be  adjusted 
for  driving  rakiug  piles  with  the  needle,  as  shown  in  Fig.  22,  with 
the  same  facility  as  in  the  construction  of  pile  driver  previously 
described.  The  endless  pitch-chain  C  is  connected  solely  to  the 
needle  X  and  steam  crab  O,  and  as  it  never  requires  in  practice  to 
be  stretched  perfectly  taut,  it  is  always  ready  for  immediate  use, 
whether  the  needle  is  raised  to  the  top  or  lowered  to  the  bottom  of 
the  trench. 

The  cast-iron  pile  shoes  shown  in  Figs.  23  to  32,  Plate  97,  were 
designed  by  the  writer  for  the  purpose  of  affording  a  broad  base 
to  the  wood  of  the  pile  itself,  and  also  with  a  view  to  economy  of 
space  in  packing  for  export.  The  shoe  shown  in  Figs.  23  to  26  is 
for  an  ordinary  square  pile,  and  that  in  Figs.  28  to  32  for  a  sheet 
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pile ;  consisting  in  each,  case  of  a  hollow  casting  forming  the  toe  of 
the  pile,  with  dovetailed  recesses  cast  on  for  the  attachment  of  the 
wrought-iron  straps,  Fig.  27,  which  after  being  adjusted  are 
fastened  to  the  pile  by  spikes  in  the  ordinary  manner.  All  the 
dovetails  and  the  ends  of  the  straps  being  made  alike,  they  are 
readily  attached,  and  are  fonnd  in  practice  to  take  up  considerably 
less  room  in  stowage  than  any  other  construction ;  while  owing  to 
there  being  no  holes  at  the  point  of  attachment,  the  straps  can  be 
made  smaller  in  size  and  thus  reduced  in  cost.  Before  being  used, 
these  hollow  shoes  are  sometimes  filled  up  with  cement  or  some 
other  material  easily  obtained  at  the  site  of  the  work. 

The  accompanying  table  gives  the  particulars  of  half  a  day's 
work  with,  one  of  the  telescopic  pile  drivers  employed  at  Cardiff 
Docks.  Some  difl&culty  was  experienced  in  this  case  in  getting  at 
the  exact  height  of  fall  of  the  ram,  as  the  machine  was  at  work  upon 
gantries,  driving  piles  in  water ;  but  the  fall  was  ascertained  to  be  on 
an  average  about  10  feet.  The  last  40  or  50  blows  were  given  with  a 
fall  of  14  feet,  causing  the  pile  to  go  down  from  l-8th  inch  to 
o-16ths  inch  per  blow.  The  weight  of  the  ram  was  21 J  cwts. ;  and 
the  size  of  the  piles  was  13  inches  square,  and  their  average  length 
46  feet. 

Telescopic  Pile  Driver  at  Cardiff  BocTcs. 


Length 
driven. 

Total 
No.  of 
Blows, 

Time  occupied. 

■ 

Mean 

Steam 

Pressure. 

Setting. 

Driving. 

Total,* 

Pile  No.  1 

-  No.  2 

-  No.  3 

Feet. 
35 
27 
32 

No. 
113 
140 
130 

Mins. 
40 
30 
50 

Mins. 
40 
35 
34 

Hrs.  mins. 
1     28 
1     18 
1     50 

Lbs. 
42 
45 
43 

Average 

31 

128 

40 

36 

1     32 

43 

*  Total  time  occupied,  including  all  delays. 

The  average  result  of  the  observations  made  upon  the  driving  of 
these  three  piles  in  succession  was  that  the  number  of  blows  required 
to  drive  each  pile  to  a  depth  of  31  feet  was  128  blows,  and  the  time 
occupied  in  actually  driving  was  36  minutes ;  the  total  time  spent  in 
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driving  the  three  piles,  inchiding  all  delays,  was  about  4  J  hours. 
The  men  employed  were  one  engineman  and  three  labourers  ;  and 
the  consumption  of  coal  was  about  3|  lbs.  per  foot  depth  of  pile 
di'iven,  or  3  lbs.  per  foot  cube,  the  total  cost  of  driving  being  Sd.  per 
foot  depth,  or  2^(1 .  per  foot  cube  of  pile  driven. 


Mr.  Eassie  exhibited  in  action  a  working  model  of  the  pile  driver, 
together  with  specimens  of  the  hollow  cast-u'on  pile  shoes. 

The  Chairman  enquired  how  long  the  improved  pile  drivers  had 
been  in  use,  and  how  many  of  them  were  at  work  at  the  present  time ; 
and  also  what  was  about  the  cost  of  working  as  compared  with 
ordinary  pile  drivers. 

Mr.  Eassie  replied  that  seven  of  the  pile  drivers  had  now  been  made, 
and  they  had  been  in  use  during  the  last  two  years.  The  telescopic 
pile  driver,  which  was  the  last  modification  of  the  plan,  had  been 
specially  constructed  for  driving  piles  in  a  trench  at  the  dockyard 
extension  works  at  Chatham,  for  the  foundations  of  a  wall  intended 
to  surround  an  island ;  and  the  operations  had  been  commenced  by 
first  driving  two  rows  of  piles  for  carrying  the  gantries  (as  shown  at 
SS  in  Fig.  22),  which  was  accomplished  with  an  ordinary  pile  driver. 
The  trench  was  then  excavated  20  feet  deep  and  25  feet  wide  by  an 
excavating  machine  running  upon  the  gantries ;  after  which  the  piles 
12  inches  square  for  the  wall  foundation  had  to  be  driven  in  flush 
with  the  bottom  of  the  trench  in  rows  of  four  piles  across  the  trench 
at  every  10  feet  length,  while  the  space  in  front  of  the  wall  and 
between  each  main  pile  was  filled  in  vnth  a  continuous  row  of  6  inch 
sheet  pihng.  The  mode  at  first  employed  for  driving  these  piles  was  by 
placing  a  common  ^ile  driver  upon  struts  in  the  trench,  and  working 
it  by  means  of  a  separate  stationary  engine  on  the  bank ;  and  the  pile 
driver  had  to  be  shifted  by  hand  labour  for  each  separate  pile  that 
was  driven.     It  had  therefore  occurred  to  him  that,  by  making  use  of 
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the  gantries  previonsly  erected,  a  great  saving  both  of  time  and 
labour  would  be  effected,  if  the  pile  driver  were  placed  upon  a 
traveller  running  upon  the  gantries,  and  so  arranged  as  to  drive  the 
piles  at  the  bottom  of  the  trench.  The  telescopic  pile  driver  was 
accordingly  constructed  for  the  purpose,  having  the  sliding  frame  or 
"needle"  extending  below,  which  followed  the  pile  as  it  sank  in  the 
ground,  and  afforded  a  guide  for  the  ram  to  the  very  bottom  of  the 
trench.  This  arrangement  commanded  the  whole  space  of  the  trench  ; 
and  also  conveniently  allowed  of  driving  one  of  the  piles  on  a  batter 
in  each  row  of  four,  as  shown  in  the  drawing,  which  was  generally 
the  case  for  walls  of  that  sort,  the  other  three  piles  being  driven 
vertically. 

The  result  of  the  working  of  this  pile  driver  at  Chatham  had  been 
that  a  very  great  saving  was  effected,  the  previous  cost  of  the  same 
work  having  been  as  much  as  Q>d.  per  foot  depth  of  pile  driven, 
whereas  the  cost  after  the  adoption  of  the  new  machine  was  reduced 
to  only  \\d.  per  foot  depth.  The  rate  of  working  was  usually  about 
8  blows  per  minute  with  8  feet  height  of  fall  of  the  ram.  The  table 
of  experiments  appended  to  the  paper  gave  the  results  recently 
obtained  in  the  working  of  one  of  the  pile  drivers  at  Cardiff,  where 
it  was  employed  for  driving  piles  in  the  sea  for  the  dock  works  ; 
and  in  this  case  the  total  cost  of  working  was  shown  to  be  about  3(^. 
per  foot  depth  of  the  piles  driven. 

Mr.  E.  A.  CowPEE  thought  the  arrangement  of  the  follower  in 
the  new  pile  driver,  for  bringing  the  chain  forwards  from  the  back 
to  the  front  of  the  leaders,  was  very  good,  so  as  to  provide 
the  means  of  quickly  picking  up  the  ram  by  a  simple  self-acting 
contrivance,  which  had  always  been  a  difficulty  in  previous 
machines.  There  was  of  course  a  slight  loss  of  effect  from 
having  to  raise  the  follower  itself,  without  making  use  of  its 
weight  for  increasing  the  blow  of  the  ram  in  falling;  but  he 
thought  this  slight  sacrifice  would  be  more  than  counterbalanced  by 
the  important  advantage  of  the  very  short  tim»  of  standing  after 
each  blow,  before  the  ram  was  again  picked  up  by  the  chain.  The 
follower  descended  so  speedily  after  the  ram,  and  attached  it  again  to 
the  chain  with  so  short  an  interval  from  the  moment  when  it  had 


ENDLESS-CHAIN    PILE    DRIVER.  26o 

been  released  for  the  blow,  that  there  was  not  time  enough  for  the 
engine  to  i*nn  off;  and  it  was  therefore  not  necessary  to  turn  off  the 
steam  between  each  blow,  as  was  the  case  with  ordinary  pile  drivers. 
He  enquired  what  was  the  weight  of  the  follower  itself,  and  what 
might  be  reckoned  upon  as  the  comparative  saving  in  cost  of  working 
by  the  new  pile  driver  over  the  ordinary  hand  machines.  In  regard 
also  to  the  average  rate  of  working  which  had  been  mentioned,  of 
8  blows  per  minute  with  8  feet  height  of  fall,  he  enquired  whether 
that  might  be  taken  as  the  average  rate  also  in  the  case  of  great 
differences  in  height  of  fall,  as  for  instance  with  a  very  high  or  a 
very  low  fall.  He  thought  the  machine  promised  to  be  very 
successful. 

Mr.  Eassie  replied  that  8  blows  per  minute  with  8  feet  height  of 
fall  might  be  taken  as  a  fair  average  of  the  rate  of  working  of  the 
pile  driver  ;  during  the  time  of  observation  with  the  machine  in  use 
at  Cardiff  the  average  height  of  fall  had  been  10  feet,  increased  to 
14  feet  in  the  last  40  or  50  blows  on  each  pile.  The  cost  of  working 
he  thought  might  safely  be  taken  at  only  about  one  quarter  of  that 
with  a  hand  pile  driver,  if  there  were  a  large  number  of  piles  to  be 
driven  and  the  work  was  straightforward ;  for  in  such  a  case  the 
employment  of  the  new  pile  driver  would  cost  only  about  l^d.  per 
foot  depth  of  pile  driven,  as  compared  with  6d.  per  foot  depth  for 
driving  the  same  piles  with  one  of  the  hand  machines.  The  weight 
of  the  follower  was  from  110  to  115  lbs.,  and  it  was  provided  mth  a 
buffer  spring  on  the  underside,  to  reduce  the  concussion  in  falling  on 
the  ram. 

Mr.  W.  Natlor  observed  that  it  was  not  so  important  in  pile 
driving  to  obtain  a  great  height  of  fall  for  the  ram  as  to  get  sufficient 
weight  in  the  ram  itself;  this  was  clearly  illustrated  by  taking  an 
extreme  supposition  of  a  weight  of  1  lb.  falling  through  10,000  feet, 
and  a  ^  eight  of  10,000  lbs.  falling  through  1  foot ;  the  power  exerted 
for  raising  the  weight  would  be  the  same  in  both  cases,  amounting 
to  10,000  foot-pounds,  but  the  velocity  acquired  by  the  lighter  weight 
being  800  feet  per  second  whilst  that  of  the  heavier  weight  was  8  feet 
per  second,  the  momentum  of  the  heavier  weight  would  be  100  times 
that  of  the  lighter,  and  the  blow  would  consequently  be  100  times  as 
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effective.  A  remarkable  instance  that  lie  remembered  meeting  vrith 
many  years  ago,  of  the  ineihciency  of  a  high  fall  and  light  ram,  was 
in  the  construction  of  the  Southampton  docks,  -where  the  vv^alls  were 
built  upon  piles  14  inches  square,  which  had  to  be  driven  through  a 
bed  of  stiff  blue  London  clay.  For  the  last  portion  of  their  length  a 
ram  of  1  ton  weight  was  employed  with  20  to  25  feet  fall,  and  it  was 
intended  to  drive  the  piles  home  solid  ;  but  when  nearly  driven  the 
whole  length  they  began  to  stop  going  down,  and  although  the  top 
of  the  pile  went  down  under  each  blow  of  the  ram,  it  sprang  back 
again  immediately  after  the  blow,  and  the  pile  itself  was  driven  no 
deeper  into  the  ground,  however  long  the  work  was  continued.  It 
was  then  found,  on  making  an  excavation  at  one  of  the  piles,  that 
about  a  couple  of  feet  below  the  surface  of  the  ground  the  solid 
timber  was  completely  shivered  in  all  directions  into  fine  splinters. 
To  obviate  this  defect,  a  heavier  ram  was  substituted,  of  2|  tons 
weight,  and  the  height  of  fall  was  reduced  to  8  or  10  feet,  so  that 
the  power  expended  in  working  the  machine  remained  exactly  the 
same  as  before  ;  but  the  difference  in  the  momentum  now  obtained 
changed  what  had  been  a  merely  destructive  blow  into  one  which 
was  really  effective  in  driving  the  piles,  and  by  means  of  this  heavier 
ram  the  rest  of  the  piles  were  driven  solid  into  the  ground  with 
complete  success.  The  mistake  of  using  too  light  a  ram  for  driving 
piles  was  in  fact  only  less  absurd  than  attempting  to  perform  the 
same  operation  by  firing  bullets  from  a  musket. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Eassie  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read 
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DESCRIPTION  OF  THE  STEAM  STEERING  ENGINE 
IN  THE  "  GREAT  EASTERN "  STEAMSHIP. 


By  Mr.  J.  McFARLANE  GRAY,  of  Liverpool. 


It  is  now  more  than  half  a  century  since  the  first  estabhshment 
of  Steam  Navigation  in  this  country,  and  during  that  time  great 
improvements  have  been  effected  in  the  construction  and  propulsion 
of  steam  vessels ;  but  the  appliances  for  Steering  large  steamers  are 
still  almost  identically  the  same  as  those  employed  in  the  wooden 
ships  previous  to  the  introduction  of  steam.  It  is  remarkable  that 
this  should  be  the  case,  considering  that  the  modifications  in  the 
form  of  hull,  the  increase  of  speed,  and  the  absence  of  sails,  all 
resulting  from  steam  propulsion,  render  the  steering  not  only  of 
more  importance  but  at  the  same  time  more  difficult.  In  some  of 
the  armoui'-plated  ships  in  the  British  navy,  it  requires  nearly  a 
hundred  men  to  put  the  helm  hard  over  when  the  vessel  is  going  at 
full  speed ;  and  except  with  twin  screws  the  action  of  the  rudder  is  the 
only  force  that  can  be  applied  to  change  the  course  of  a  steamship. 
The  handiness  of  the  vessel  and  its  safety,  especially  in  a  war 
steamer,  depend  upon  being  able  to  manoeuvre  it  quickly ;  and  hence 
it  is  of  the  first  importance  that  a  steamer  should  be  provided  with 
as  much  steering  power  as  possible.  This  has  hitherto  been  limited 
by  the  power  at  command  for  moving  the  rudder;  and  in  the 
merchant  service  the  increase  of  force  required  has  been  provided 
at  the  expense  of  time  by  introducing  gear  with  a  greater  mechanical 
leverage.  Where  colhsion  is  imminent,  the  power  requii^ed  for  quick 
steering  being  wanting,  the  engines  have  to  be  reversed,  whereby 
the  danger  is  often  increased ;  the  vessel  continues  to  advance  even 
after  the  engines  are  reversed,  until  her  way  is  stopped;  and  it 
requires  some  time  to  reverse  first  the  engines  and  then  the  motion 
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of  the  ship  itself.  Under  such  circumstances  the  best  security 
would  generally  be  found  in  a  quick  steering  gear,  which  would 
quietly  and  with  certainty  alter  the  ship's  course,  without  the 
confusion  always  created  by  a  sudden  order  to  reverse  at  full 
speed. 

The  work  of  steering  a  ship  is  one  which  requires  in  regular 
sailing  only  a  small  expenditure  of  power;  but  it  is  necessary 
occasionally  to  apply  a  great  amount  of  force  for  the  purpose,  and 
arrangements  should  be  made  that  this  may  be  applied  at  any 
instant  without  distracting  the  attention  of  the  steersman  or 
requiring  any  special  exertion  on  his  part.  The  whole  of  this  force, 
whatever  it  is,  should  be  always  at  hand,  and  always  on  duty,  so 
that  there  may  be  no  loss  of  time  and  no  uncertainty  in  its  action. 

With  the  economy  of  labour  necessary  at  sea,  the  amount  of 
manual  power  required  for  steering  is  not  always  available  at  the 
moment  when  needed,  and  sometimes  there  is  only  half  the  steering 
power  at  the  wheels,  while  the  other  half  is  employed  in  other 
parts  of  the  ship.  In  a  recent  case  of  colHsion  at  sea  one  of  the 
vfitnesses  stated  that,  being  on  deck  when  the  order  was  given 
for  hard-a-port,  and  hearing  it  repeated,  a  few  seconds  afterwards, 
he  went  into  the  wheel-house  to  help  to  put  the  rudder  over.  It  is 
apparent  that  such  a  case  ought  not  to  occur  at  the  present  day,  and 
the  steering  ought  to  be  so  controlled  that  no  order  should  have  to 
be  given  twice.  Even  indirectly  this  would  add  greatly  to  the  safety 
of  the  ship,  for  it  would  free  the  officer  in  charge  from  the  distraction 
of  mind  produced  by  the  uncertainty  as  to  whether  his  order  was 
being  obeyed  or  not,  and  would  leave  his  whole  attention  free  for 
the  further  orders  required. 

In  addition  to  the  want  of  power  which  has  all  along  been 
experienced  in  the  steering  of  large  steamers,  there  has  also  been 
considerable  risk  of  injury  to  the  men  at  the  wheels.  They  have 
had  not  only  to  put  the  rudder  over  to  a  certain  place,  but  also  to 
keep  it  there  as  long  as  required  ;  and  they  have  also  to  keep  the 
rudder  amidships  when  required.  In  general  there  is  such  an 
amount  of  slack  in  the  gear  that  the  rudder  cannot  be  held  steady 
in  any  position  unless  the  water  is  exerting  some  force  against  it. 
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When  nearly  amidships  therefore  and  in  rough  weather,  the  pressure 
on  the  rudder  is  continually  changing  from  one  side  of  the  rudder  to 
the  other ;  and  when  struck  by  a  wave  on  the  opposite  side,  the 
rudder  moves  rapidly  a  short  distance  .until  it  is  checked  by  the 
steering  gear.  These  changes  are  quick,  and  tiring  to  the  men  ; 
and  when  the  force  of  the  wave  happens  to  come  suddenly  in  the 
same  dii'cction  as  that  in  which  they  are  exerting  their  force,  the 
wheels  sometimes  fly  round,  knocking  the  men  down,  or  throwing 
them  over  the  wheel  altogether  ;  and  broken  limbs  and  m.any  fatal 
inj nines  have  been  caused  in  this  way. 

The  steering  of  a  ship  is  effected  at  the  stern,  which  is  the  very 
worst  position  on  the  deck  for  a  look-out ;  and  this  objection  has 
therefore  been  met  in  two  w^ays.  In  some  ships  the  chains  or 
ropes  for  moving  the  rudder  are  led  from  the  stern  to  some  more 
convenient  station  about  the  middle  of  the  ship  ;  and  in  others  the 
steering  is  controlled  from  the  bridge  at  the  middle  by  telegraphing 
to  the  men  at  the  wheels.  The  first  plan  is  inconvenient,  and 
exposes  a  long  stretch  of  rope  or  chain  to  a  great  strain ;  and 
steering  by  telegraph,  however  well  arranged,  always  involves  a 
little  delay,  and  is  not  so  certain  in  its  action  as  direct  steering. 

From  these  considerations  it  is  evident  that  every  steamship  ought 
to  have  a  quick  and  direct  steering  power ;  that  this  power  should 
be  always  on  duty,  and  always  to  its  full  amount ;  that  it  should  be 
certain  in  its  action,  requiring  no  second  order ;  that  it  should  not 
expose  the  men  to  danger ;  and  that  it  should  be  controlled  from  the 
bridge  or  other  suitable  station  on  the  deck.  The  consequence  is 
that  in  steamers  over  1000  tons  burden  these  conditions  can  be 
fulfilled  only  by  the  use  of  steam  power. 

The  w^ant  of  a  Steam  Steering  Engine  was  from  the  first  felt  in 
the  case  of  the  Great  Eastern  steamship,  but  until  the  present  year 
the  vessel  was  steered  by  manual  power  alone ;  and  the  danger  to 
which  she  was  exposed  on  a  former  occasion  by  the  accident  to  her 
rudder  stock  was  the  result  of  want  of  power  at  the  wheels,  the  men 
not  being  able  to  keep  the  rudder  in  check.  The  automatic  steam 
steering  engine  forming  the  subject  of  the  present  paper  was  designed 
by  the  writer,  and  constructed  for  the  Great  Eastern  by  Messrs. 
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George  Forrester  and  Co.  of  Liverpool,  under  the  inspection  of 
Captain  Sir  James  Anderson ;  and  the  following  conditions  were 
required  to  be  fulfilled  in  its  construction  : — 

1st.  The  alterations  on  board  the  vessel  to  consist  of  additions 
only,  and  no  existing  appliance  for  steering  to  be  removed  or 
impaired. 

2nd.  The  steam  power  to  be  sufficient  for  moving  the  rudder  at 
all  times  at  a  greater  speed  than  had  ever  been  attained  by  manual 
force. 

3rd.  The  steering  to  be  controlled  from  the  bridge  by  some  means 
equal  in  eflS.ciency  to  the  existing  telegraph  plan. 

4th,  The  new  arrangements  to  admit  of  men  working  at  the 
wheels  in  order  to  assist  the  steam  power  if  required. 

5th.  The  steam  gear  to  be  capable  of  being  disconnected  without 
interfering  for  an  instant  with  the  means  of  steering  by  hand. 

6th.  The  rudder  to  be  held  in  any  position  by  the  steam  gear 
without  applying  a  break. 

7th.  The  engine  to  start  without  hesitation  at  all  times,  even 
after  standing  for  a  considerable  period  without  acting. 

8th.  The  apparatus  to  be  simple  in  all  its  parts  and  requiring  no 
special  attendant  or  engineer. 

9th.  The  engine  to  be  capable  of  being  used  as  a  windlass  if 
required,  when  disconnected. 

The  Automatic  Steam  Steering  Gear  actually  constructed  fulfilled 
all  these  conditions,  and  in  several  respects  far  exceeded  the 
requirements.  It  is  shown  in  Plates  98  to  105,  Fig.  1  being  a 
longitudinal  elevation  and  Fig.  2  a  general  plan  showing  its 
application  on  board  the  Great  Eastern. 

The  steering  gear  consists  of  an  engine  A,  Figs.  1  and  2, 
connected  to  the  shaft  of  the  original  steering-barrel  B  at  the 
stern,  and  controlled  through  a  shaft  C  by  a  small  steering-wheel  D 
at  the  bridge.  This  wheel  is  so  arranged  that  the  steering-wheels  EE 
at  the  stern  revolve  turn  for  turn  with  it,  and  the  steersman  at 
the  bridge  directs  his  attention,  not  to  starting  or  reversing  the 
engine,  but  simply  to  steering  the  ship  by  the  bridge  steering-wheel  D, 


STEAM    STEERING    ENGINE.  271 

leaving  the  engine  entirely  out  of  consideration.  There  is  an 
index  at  this  wheel  D  showing  the  position  into  which  the  rndder 
is  required  to  be  brought ;  and  at  the  stern  there  is  another  index 
with  a  director  arm,  which  serves  as  a  steering  telegraph  dial  when 
steering  by  hand.  There  is  also  a  spare  controlling  wheel  Z  at  the 
engine  A,  so  that  the  steering  by  steam,  can  be  controlled  from  the 
stern  if  required.  The  steering-barrel  B,  the  chains  FF,  and  the 
tiller  G,  remain  exactly  the  same  as  before  the  alteration,  and  are 
worked  direct-by  the  steam  steering  engine. 

The  engine  itself  is  of  the  simplest  construction,  as  shown  in 
Figs.  11  to  13,  Plates  104  and  105,  having  a  pair  of  cylinders 
working  cranks  at  right  angles  ;  and  the  reversing,  stopping,  and 
starting  are  effected  by  the  automatic  stop-valve  H,  which  is  a 
hollow  cylindrical  slide,  covering  both  the  steam  and  the  exhaust 
passages,  so  that  according  to  its  position  it  can  reverse  the  action 
of  these  passages,  thus  making  the  engine  go  in  either  direction  by 
changing  the  exhaust  into  steam  passages  and  the  steam  into 
exliaust.  The  two  shde- valves  are  the  same  in  form  and  dimensions 
as  this  stop-valve,  and  are  worked  by  fixed  eccentrics  set  on  the 
driving  shaft  S,  Figs.  5  and  8,  each  at  right  angles  with  its  crank  ; 
the  travel  of  each  slide-valve  is  2|  inches. 

The  automatic  stop-valve  H  does  not  work  with  the  engine,  but  is 
controlled  by  the  differential  screw  I,  Figs.  6  and  8,  which  constitutes 
the  self-regulating  portion  of  the  steering  gear.  The  stop-valve  is 
connected  to  the  screw  I  by  a  rod  and  bell-crank  lever,  so  that  the 
longitudinal  motion  of  the  screw  is  communicated  to  the  stop-valve. 
The  pitch  of  the  screw  is  If  inch,  and  the  range  of  its  longitudinal 
travel  is  2|  inches,  being  equivalent  to  two  revolutions  of  the  screw 
in  its  nut  J,  which  is  itself  incapable  of  longitudinal  movement.  This 
nut  however  is  not  held  stationary  from  turning,  but  is  formed  in 
the  centre  of  a  mitre  wheel,  which  is  geared  with  an  equal  wheel  on 
the  rudder- shaft  K,  so  that  the  nut  makes  one  revolution  for  each 
turn  of  the  steering-barrel  B.  The  differential  screw  I  has  a  spur 
wheel  on  it,  which  gears  with  an  equal  but  broader  spur  wheel  L  on 
the  telegraph  shaft  C,  Fig.  5,  led  from  the  bridge  steering-wheel,  so 
that  the  screw  I  revolves  turn  for  turn  Avith  the  controlling  wheel  D 
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at  the  bridge.  It  is  obvious  therefore  that,  the  screw  I  being  thus 
connected  with  the  telegraph  shaft  C  from  the  bridge,  and  the 
nut  J  with  the  rndder-shaft  K,  the  actual  movement  of  the  screw 
longitudinally  will  not  be  governed  by  either  of  these  independent 
of  the  other,  but  will  be  affected  by  both,  and  will  correspond 
always  to  the  difference  between  the  motion  of  the  steering-wheel 
and  of  the  rudder-shaft,  the  screw  being  thus  a  differential  apparatus. 
If  the  nut  J  be  held  stationary  while  the  screw  I  is  turned,  the  latter 
will  travel  endways  in  the  nut ;  but  if  at  the  same  time  the  nut  be 
made  to  revolve  in  the  same  direction  and  at  the  same  speed  as  the 
screw,  there  will  be  no  end  motion  of  the  screw. 

When  the  engine  is  at  rest,  the  steam  stop- valve  H  stands  in  its 
middle  position,  as  shown  in  Fig.  11,  closing  the  cylinder  ports  entirely 
both  to  the  steam  and  to  the  exhaust.  If  the  telegraph  shaft  0  be 
now  turned.  Fig.  5,  the  screw  I  being  thereby  also  turned  will  travel 
endways  in  the  nut  J  ;  and  this  end  motion  will  be  communicated  by 
the  lever  to  the  stop-valve  H,  which  will  thus  be  opened  sufficiently 
to  make  the  engine  revolve  in  the  direction  corresponding  to  the 
revolution  of  the  screw.  The  rudder-shaft  K,  being  driven  by  the 
pinion  T  on  the  engine  crank-shaft  S,  will  also  revolve,  and  with  it 
the  nut  J,  the  rotation  being  in  the  same  direction  as  that  of  the 
screw  I.  As  the  screw  will  continue  to  travel  endways  until  the  nut 
and  the  screw  both  revolve  at  exactly  the  same  speed,  the  stop-valve 
H  will  continue  to  open  until  the  motion  of  the  engine  corresponds 
exactly  with  the  motion  of  the  telegraph  shaft  0  from  the  bridge  :  that 
is,  until  the  engine  is  moving  at  the  speed  required.  This  self-acting 
adjustment,  which  has  taken  some  time  to  describe,  is  all  done  at  the 
very  moment  that  the  bridge  steering-wheel  is  moved,  in  consequence 
of  the  automatic  action  of  the  differential  screw ;  and  the  motion  of 
the  rudder  wheels  B  E  at  the  stern  is  sensibly  simultaneous  with 
that  of  the  wheel  D  at  the  bridge.  The  same  action  of  course  takes 
place  on  occasion  of  any  change  in  the  rate  of  motion,  the  position  of 
the  stop-valve  being  immediately  altered  to  give  the  corresponding 
speed  of  engine  ;  and  when  the  motion  of  the  steering-wheel  at  the 
bridge  is  discontinued,  the  valve  closes  just  so  far  as  to  maintain  the 
engine  at  rest. 
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If  there  is  a  strain  on  the  rudder  in  the  position  in  which  it  is 
required  to  be  held,  the  stop-valve  does  not  shut  altogether,  but 
only  so  far  as  to  maintain  just  such  a  pressure  on  the  pistons  as  will 
exactly  counterbalance  the  pressure  on  the  rudder.  In  this  condition 
the  engine  becomes  simply  an  automatic  steam  break,  requbing  no 
attention  from  the  steersman.  If  the  strain  alternates  from  one  side 
of  the  rudder  to  the  other,  the  stop-valve  immediately  reverses  its 
position  so  as  to  bring  the  steam  pressure  on  the  opposite  side  of  the 
pistons,  and  thus  restores  the  equilibrium.  However  suddenly  or 
violently  this  alternation  of  strain  may  take  place,  there  is  no  danger 
to  any  of  the  men,  as  the  differential  screw  is  constantly  ready  for 
Avork,  and  its  action  is  far  more  perfect  and  trustworthy  than  the 
labour  of  any  number  of  men  at  the  wheels.  Manual  labour  indeed 
is  not  at  all  adapted  for  this  kind  of  effort ;  for  while  the  men  are 
pushing  the  wheel  in  one  direction  it  may  suddenly  happen  that  the 
resistance  changes  its  direction,  and  the  men  are  thrown  over  the 
wheels,  partly  by  the  force  they  themselves  are  exerting,  which  they 
cannot  change  quickly  enough  to  the  contrary  direction.  But  in  the 
steam  steering  gear  the  differential  screw  is  a  perfect  automaton, 
changing  the  action  of  the  valve  not  after  the  change  of  the  strain  on 
the  rudder,  but  by  that  change  itself  and  simultaneously  with  it. 

The  differential  screw  I  has  a  free  range  of  two  turns,  equal  to 
2 1  inches  of  longitudinal  travel,  supposing  the  nut  were  held 
stationary;  and  there  is  a  stop  clutch  on  each  end  of  the  screw 
Hmiting  its  travel,  as  shown  in  Figs.  6  and  10.  In  the  steam 
steering  however  the  rudder  follows  so  closely  the  movements  of  the 
steering  wheel  at  the  bridge,  that  in  all  ordinary  weather  the  screw 
does  not  run  more  than  one  quarter  of  a  turn  in  advance  of  the 
nut ;  in  which  case  the  steering  wheels  at  the  stern  are  one  quarter 
of  a  turn  behind  the  wheel  at  the  bridge.  Supposing  the  wheels  to  be 
then  revolving  at  a  speed  equivalent  to  30  or  40  turns  per  minute,  the 
steering  wheel  at  the  bridge  will  be  about  half  a  second  in  point  of 
time  before  the  wheels  at  the  stem ;  and  as  the  advance  of  the 
differential  screw  is  less  for  a  lower  speed,  the  result  will  be  about 
the  same  in  respect  of  time,  namely  that  the  stern  wheels  will  be 
only  about  half  a  second  behind  the  bridge  wheel,  whether  the  latter 
is  being  turned  rapidly  or  slowly. 

p2 
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The  Rudder  Indicator  and  Steering  Dial  at  the  stem,  shcsm  in 
Figs.  6  and  7,  Plate  101,  is  adapted  to  steering  either  by  men  alone 
or  with  the  engine.  This  indicator  is  worked  by  the  same  steering- 
wheel  D  at  the  brido^e,  and  is  indeed  alwavs  workinsf,  whether  steam 
power  or  manual  labour  is  employed  ;  so  that  the  engine  can  be 
thrown  out  of  gear  and  men  put  to  the  stem  wheels  without  making 
any  change  at  the  bridge  or  without  the  steersman  at  the  bridge 
being"  even  aware  that  a  chano^e  has  been  made. 

The  t^vo  toothed  sectors  M  and  P,  Fig.  6,  each  turning 
independently  on  the  same  centre,  are  actuated  by  worms  on  the 
shafts  X  and  O  respectively,  the  shaft  X  being  geared  by  the  spur 
wheel  L  to  the  differential  screw  I,  and  the  shaft  0  by  an  equal  spur 
wheel  to  the  nut  J.  The  woinns  working  into  the  arcs  are  made 
with  contrary  threads,  the  one  right-handed  and  the  other  left- 
handed,  in  order  that  by  the  movement  of  the  two  shafts  X  and  0 
in  the  same  direction  the  two  sectors  may  also  be  turned  in  the 
same  direction.  The  sector  P  carries  an  index  cast  in  one  piece 
with  it,  and  being  actuated  from  the  rudder-shaft  K  thi'ough  the 
differential  nut  J  it  indicates  upon  a  graduated  fixed  dial  the  actual 
position  of  the  mdder,  and  is  therefore  called  the  rudder  indicator. 
The  shaft  N  being  united  by  a  coupling  Y  with  the  telegraph  shaft  0 
from  the  bridge,  the  movement  of  the  sector  M  is  directly  controlled 
by  the  steering-wheel  D  at  the  bridge ;  this  sector  also  carries  an 
index,  called  the  director,  but  this  index  is  jointed  to  both  the 
sectors  M  and  P ;  and  the  distance  between  the  centres  of  the  two 
joints  being  short  as  compared  with  the  length  of  the  index,  any 
difference  in  the  motions  of  the  two  toothed  sectors  is  shown 
magnified  at  the  extremity  of  this  jointed  index  arm,  and  the  men 
at  the  stem  steering-wheels  are  thereby  directed  to  put  the  wheels 
over  to  the  side  towards  which  this  index  points.  This  jointed 
index  travels  over  a  gi^duated  scale  formed  on  the  arm  of  the 
rudder  indicator  P ;  and  by  its  position  shows  how  much  the  wheel 
at  the  bridge  is  in  advance  of  the  stem  steering-wheels,  and  thus 
indicates  that  the  steering-wheels  should  be  moved  faster  or  slower 
in  order  to  keep  pace  with  the  movement  of  the  wheel  at  the 
bridsre. 
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By  this  arrangement  it  will  be  seen  that  the  differential  movements 
of  the  screw  I  and  nut  J  relatively  to  each  other  produce  similar 
differential  movements  of  the  two  index  arms  M  and  P  relatively 
to  each  other,  the  difference  being  magnified  by  the  director 
upon  the  graduated  scale  formed  on  the  rudder  indicator.  When  the 
wheel  at  the  bridge  is  moved  in  either  direction,  the  director  advances 
in  the  same  direction  beyond  the  centre  of  the  rudder  indicator,  and 
remains  in  advance  until  the  actual  position  of  the  rudder  corresponds 
with  the  required  position ;  as  soon  as  this  is  the  case,  the  bridge 
index,  the  director,  and  the  rudder  indicator,  all  point  to  the  same 
position  for  the  rudder. 

In  addition  to  this  visible  intimation  to  the  steersman,  there  is 
also  a  bell  W  with  hammers  fixed  on  the  upper  end  of  the  differential 
screw  I,  as  shown  in  Figs.  9  and  10,  Plate  103.  A  pin  X  is  fixed  in 
the  nut  J  so  as  to  engage  with  the  hammer  levers,  in  order  to  give 
signals  of  warning,  and  if  required  to  strike  repeatedly  for  urgency. 
The  signals  are,  one  stroke  of  the  bell  on  leaving  the  centre  in  either 
direction,  and  one  stroke  when  the  required  position  is  reached  ;  and 
these  signals  are  given  by  the  ordinary  movement  of  the  steering- 
wheel,  without  requiring  any  separate  action  for  the  purpose.  Should 
the  steering-wheels  be  turned  too  far,  the  bell  will  strike  again,  and 
the  director  finger  -will  point  in  the  contrary  direction  ;  and  it  is  the 
duty  of  the  men  at  the  wheels  to  maintain  the  director  midway  between 
the  two  strokes  of  the  bell.  In  the  actual  working  of  the  apparatus 
on  the  Great  Eastern  the  indicator  and  bell  fulfilled  their  purpose 
admirably ;  but  as  the  automatic  steam  steering  also  answered 
completely,  these  additional  appliances  were  not  really  required, 
and  unless  for  some  special  reason  they  would  not  be  made  again. 

The  steering  wheel  D  at  the  bridge,  shown  in  Figs.  3  and  4, 
Plate  99,  is  provided  with  stops  corresponding  to  the  two  extreme 
positions  of  the  rudder,  by  means  of  the  traversing  stop-nut  Q, 
working  on  a  screw  cut  upon  the  shaft  of  the  hand- wheel  D.  This 
nut  is  prevented  from  turning  with  the  shaft  by  sliding  along  a  fixed 
guide-plate  below,  and  carries  projecting  stops  which  catch  at  either 
end  of  its  traverse  against  stop  clutches  fixed  on  the  shaft,  thereby 
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preventing  the  further  rotation  of  the  shaft  when  the  extreme  position 
has  been  attained  in  either  direction.  The  hand  steering-wheel  D  is 
itself  connected  to  the  shaft  by  means  of  a  safety  clutch  Y,  formed 
of  two  pieces  engaging  with  one  another  by  inclined  driving  faces. 
The  after  half  of  the  clutch,  on  which  the  hand- wheel  D  is  fixed, 
turns  loose  on  the  shaft,  but  without  any  end  movement ;  while  the 
forward  half  sliding  by  a  feather  on  the  shaft  is  held  up  in  gear  by 
the  spiral  spring  R.  The  pressure  of  this  spring  is  adjusted  for 
holding  the  inclined  driving  faces  of  the  clutch  Y  in  gear,  and 
thereby  enabling  the  hand- wheel  D  to  turn  the  shaft,  so  long  as  the 
traversing  stop-nut  Q  leaves  the  shaft  free  to  turn  ;  but  when  either 
of  the  stop  clutches  catches  against  the  nut  Q,  the  safety  clutch  Y 
gives  way  under  any  force  turning  the  hand- wheel  D  further  in  the 
same  direction,  by  the  inchned  driving  faces  of  the  clutch  slipping 
past  each  other,  forcing  the  clutch  out  of  gear.  This  slipping  of  the 
safety  clutch  Y  does  not  derange  any  of  the  pointers,  and  the  clutch 
requires  no  throwing  in  again,  as  it  comes  into  gear  itself  at  each 
half  turn  of  the  hand- wheel  D  ;  and  the  irregularity  thus  produced 
in  the  resistance  of  the  hand- wheel  indicates  at  once  to  the  steersman 
that  the  wheel  is  not  driving  the  shafting.  This  form  of  safety  clutch 
is  preferable  to  the  common  friction  clutch,  which  can  never  be 
regulated  to  a  given  pressure  as  this  is  ;  and  to  make  a  friction 
clutch  slip  requires  at  least  as  much  force  as  before  it  slips,  so  that 
there  is  no  direct  intimation  of  the  slipping. 

The  shafting  C,  Figs.  1  and  2,  communicating  from  the  hand- 
wheel  D  at  the  bridge  to  the  steering  gear  at  the  stern,  is  formed 
for  the  sake  of  lightness  of  solid- drawn  iron  tubes,  1  j  inch  external 
diameter  and  J  inch  thick,  turned  down  at  the  bearings  to  ly\  inch 
diameter,  and  running  in  cast-iron  bearings  bored  out  to  IJ  inch 
diameter.  The  total  length  of  this  shafting  is  410  feet,  and  there 
are  about  50  pedestals  to  carry  it,  and  5  pairs  of  mitre  wheels,  in 
addition  to  the  rest  of  the  working  gearing  at  the  bridge  and  at  the 
stem.  The  shafting  has  not  been  oiled  since  its  erection  in  March  of 
this  year,  and  it  is  still  as  easily  worked  as  when  first  erected ;  the 
whole  line  of  shafting  can  be  turned  easily  even  with  the  power  of 
one  finger  at  the  bridge  wheel  D.     The  fixing  of  the  pedestals  in 
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the  ship  was  very  carefully  performed,  in  order  to  ensure  great 
accuracy  in  hning  off  the  shafting  ;  and  to  tliis  in  a  great  measure 
is  the  ease  of  working  to  be  ascribed.  The  shafting  lies  in  one 
of  the  box  beams  or  tubes,  formed  in  the  upper  deck,  and  is  carried 
in  a  straight  line  through  the  interior  of  it ;  the  twist  upon  the 
whole  shafting,  including  the  play  in  the  teeth  of  the  pinions,  is 
about  one  eighth  of  a  turn.  In  one  modification  of  this  system  of 
steering,  the  same  operations  are  accomplished  with  a  rope 
connection  instead  of  the  shafting ;  and  in  another  arrangement 
the  connection  is  made  by  water  pipes,  not  transmitting  steering 
power,  but  simply  working  the  differential  screw  by  water  pressure  : 
the  shafting  however  is  considered  to  be  the  best  adapted  to  the 
work.  This  system  of  steering  is  peculiarly  well  adapted  for  ships 
of  war,  as  the  steering  can  be  controlled  from  a  protected  look-out 
forwards,  or  from  any  other  position  in  the  ship,  while  the  steering 
engine  can  be  placed  below  the  water  line. 

In  order  to  pi^event  accumulation  of  water  in  the  cylinders  of  the 
steam  engine  when  not  in  motion,  the  steam  passages  are  formed  to 
droop  from  the  lowest  part  of  the  cylinders  towards  the  exhaust,  as 
shown  in  the  transverse  section.  Fig.  12,  Plate  105.  The  steam  pipe 
to  the  steering  engine  being  250  feet  long  from  its  connection  with 
the  main  steam  pipe,  a  self-acting  steam  trap  is  provided  to  allow  the 
discharge  of  any  water  that  may  condense  in  the  pipe.  There  are 
no  escape  cocks  or  escape  valves  on  the  engine,  but  not  the  slightest 
hesitation  has  ever  been  found  in  starting  the  engine  after  standing 
for  any  length  of  time  without  motion.  This  getting  rid  of  all 
condensed  water  was  made  a  first  consideration  in  the  arrangement ; 
and  the  expedients  adopted  for  the  purpose  have  proved  thoroughly 
satisfactory. 

The  engine  shaft  S,  Figs.  5,  6,  and  8,  has  a  disc  crank  on  each 
end,  and  the  pinion  T  on  this  shaft  drives  a  spur  wheel  on  the  rudder- 
shaft  K,  the  proportion  of  the  gear  being  1  to  5.  The  number  of 
turns  of  the  rudder- shaft  K  is  7  turns  either  way  from  the  midships 
position  of  the  rudder,  or  14  altogether ;  so  that  to  put  the  rudder 
over  from  midships  to  hard-a-port  or  hard-a-starboard  requires  35 
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revolutions  of  tlie  engine.  The  cylinders  are  10  inclies  diameter 
and  12  inches  stroke,  as  shown  in  Figs.  11  and  12 ;  the  steam  is 
supphed  from  the  main  boilers  of  the  ship,  and  the  size  of  the  engine 
is  sufficient  for  steering  when  the  steam  pressure  is  only  7  or  8  lbs. 
per  square  inch,  but  the  pressure  is  intended  usually  to  be  20  lbs. 

The  driving  pinion  T  on  the  engine  shaft  S  is  fitted  on  feathers 
on  the  shaft,  Fig.  6,  and  can  be  slided  out  of  gear  even  while  the 
engine  is  running,  by  means  of  a  forked  arm  working  upon  the 
screwed  shaft  U  turned  by  a  handwheel,  Fig.  8.  In  the  case  of  the 
Great  Eastern  the  steering  engine  was  specially  fitted  to  act  as  a 
steam  windlass  with  two  grooved  winding-drums,  in  order  to  turn  the 
engine  to  some  account  when  not  steering.  For  this  purpose  the 
driving  pinion  T,  when  not  in  gear  with  the  rudder-shaft  K,  is 
in  gear  with  two  spur  wheels  on  the  shafts  of  the  winding 
drums,  the  proportion  of  the  gearing  being  1  to  4 ;  and  a  hand 
starting-lever  on  the  valve  shaft  is  then  used  for  working  the 
steam  stop-valve  H,  instead  of  the  difierential  gear.  This  winding 
'gear  was  added  to  the  steering  engine  at  the  request  of  Captain 
Anderson,  but  it  is  omitted  in  the  drawings,  as  not  forming  part  of 
the  steering  action.  The  details  of  the  engine  itself  are  so  simple  and 
durable  that  there  is  no  chance  of  its  getting  out  of  order  ;  and  none 
of  the  joints  have  ever  been  broken  since  it  left  the  makers'  works. 
All  the  parts  are  made  of  extra  strength,  and  the  wear  of  any  of  them 
will  not  prevent  the  working  of  the  engine. 

The  last  voyage  of  the  Great  Eastern  to  New  York  was  a  very 
stormy  one,  and  afibrded  an  excellent  opportunity  for  trying  the 
efficiency  of  the  steam  steering  engine.  Originally  Captain  Anderson 
intended  not  to  use  the  engine  for  steering  except  when  out  at  sea, 
considering  that  the  ship  could  not  be  safely  trusted  to  any  steam 
steering  engine  when  within  sight  of  land  ;  but  when  the  apparatus 
was  completed  and  its  sufficiency  became  more  apparent,  the  steering 
of  the  ship  from  her  moorings  in  the  Mersey  was  committed  to  the 
engine,  although  the  precaution  was  taken  of  having  men  standing 
by  ready  to  take  the  wheels  if  needed.  The  action  was  from  the 
first  quite  satisfactory,  and  as  the  mode  of  steering  is  just  the  same 


STEAM    STEERING   ENGINE.  279 

as  steering  by  hand,  no  time  was  requii'ed  for  training  the  men  to 
work  it. 

Wlien  approaching  Cape  Race  at  the  end  of  the  voyage,  the  sea 
being  very  rough,  the  men  were  ordered  to  take  the  wheels  and  the 
steam  engine  was  disconnected.  This  was  done,  not  because  there 
was  any  defect  in  the  steam  steering,  but  because  a  storm  was 
coming  on  and  the  vessel  was  on  a  dangerous  coast,  and  there  had  been 
no  experience  of  the  steam  steering  in  a  storm.  The  men  had  been 
however  only  about  a  quarter  of  an  hour  at  the  wheels,  when  it  was 
evident  the  vessel  was  not  steered  so  well  as  before,  and  the  men 
were,  already  quite  exhausted.  The  steam  steering  engine  was 
therefore  again  connected,  and  it  was  used  all  through  the  storm, 
W'hich  was  so  severe  that  it  necessitated  turning  the  ship  about  for 
some  time,  after  the  forward  bulwarks  had  been  carried  away, 
killing  one  man  and  injuring  others.  Turning  so  large  a  ship  as  the 
Great  Eastern  in  such  a  sea  would  have  been  almost  impossible  with 
steering  by  hand ;  but  it  made  no  difference  to  the  steam  steering 
engine,  and  even  when  the  ship  got  into  the  trough  of  the  sea  the 
wheel  at  the  bridge  was  quite  passive  in  the  hand  of  the  steersman, 
and  could  be  moved  as  easily  as  in  a  calm. 

The  result  was  so  satisfactory  that  Captain  Anderson  wrote  from 
New  York,  "the  steam  steering  gear  seems  perfection."  The 
experience  of  its  working  on  the  return  voyage  was  equally 
satisfactory,  and  Captain  Anderson  has  expressed  his  high  opinion 
of  its  value,  especially  for  large  steamers. 


Mr.  C.  W.  Siemens  observed  that  the  present  paper  was  the  first 
they  had  had  upon  a  subject  which  he  thought  was  a  very  important 
one  ;  for  to  see  a  large  number  of  men  at  the  helm  of  a  big  ship, 
trying  to  bear  her  round,  certainly  showed  great  imperfection  in  the 
present  mechanical  arrangements  for  steering.     The  apparatus  now 
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described  as  applied  to  the  steering  of  the  Great  Eastern  gave  evidence 
of  a  great  deal  of  thought ;  and  the  details  of  the  arrangement  for 
starting  the  steering  engine  and  making  it  obey  signals  given  from  a 
distant  part  of  the  ship  were  highly  ingenious,  and  the  results  of  the 
working  in  practice  showed  that  all  the  requirements  of  the  case  had 
been  duly  considered  beforehand.  He  enquired  whether  any  difficulty 
had  ever  been  experienced  in  starting  the  engine  after  it  had  been 
standing  for  a  time,  owing  to  accumulation  of  water  in  the  cylinders  ; 
and  whether  a  difficulty  did  not  arise  from  the  same  cause  whenever 
the  rudder  had  to  be  held  by  the  engine  for  any  length  of  time  in  the 
same  position ;  and  he  asked  what  provision  was  made  for  getting 
rid  of  water  in  the  steam  cyhnders. 

Another  question  that  had  occurred  to  him,  though  somewhat 
beyond  the  immediate  subject  of  the  paper,  was  whether  the  steering 
engine  during  the  time  that  it  was  standing  might  not  be  made 
serviceable  for  aiding  in  the  propulsion  of  the  ship  by  means  of  a 
Ruthven  reaction  propeller,  discharging  a  jet  of  water  from  the 
stern  in  the  opposite  direction  to  the  ship's  motion.  He  did  not 
advocate  such  a  mode  of  propulsion  in  substitution  for  the  screw 
and  paddles  ;  but  he  thought  it  might  be  advantageously  applied  in' 
conjunction  with  these,  for  utihsing  a  moderate  auxiliary  power  from 
a  separate  engine  like  that  employed  for  the  steering  gear,  which 
was  not  required  to  be  constantly  at  work  for  steering.  The  stream 
of  water  projected  backwards  from  the  stern  might  either  be 
discharged  in  a  line  parallel  to  the  keel  of  the  vessel,  or  by  means  of 
deflectors  it  might  readily  be  diverted  to  either  side  for  changing 
the  ship's  course.  Such  an  arrangement  he  thought  would  have 
several  advantages  over  any  plan  of  steering  by  a  rudder,  because 
the  action  of  a  rudder  depended  upon  the  onward  motion  of  the  ship, 
and  without  onward  motion  a  rudder  could  produce  no  effect;  whereas 
by  a  jet  of  water  issuing  laterally  from  the  stern  the  ship  could  be 
steered  round  while  she  was  not  moving  forwards  or  moving  very 
slowly,  which  in  some  circumstances  was  an  important  consideration. 
In  managing  a  ship  for  the  purpose  of  picking  up  submarine  telegraph 
cables  he  had  himself  found  very  great  difficulty  in  turning  the  ship 
round  by  means  of  the  rudder,  while  obliged  to  remain  stationary 
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upon  tlie  same  spot  for  the  performance  of  the  necessary  operations. 
Moreover  if  such  a  plan  of  steeling  by  a  water  jet  were  thoroughly 
carried  out,  the  rudder,  which  was  the  most  vulnerable  portion  of  a 
ship,  might  be  dispensed  with. 

Mr.  Gray  explained  that  all  liability  of  inconvenience  from 
accumulation  of  water  in  the  horizontal  steam  cylinders  of  the 
steering  engine  was  obviated  by  making  the  steam  passages  droop 
from  the  lowest  part  of  the  cylinders  towards  the  exhaust  outlet. 
A  steam  trap  was  also  provided  upon  the  steam  pipe,  close  to  the 
engine,  for  the  separation  of  any  water  condensing  in  the  pipe ;  and 
in  this  way  he  had  endeavoured  to  arrange,  firstly  that  no  water 
should  be  carried  into  the  cylinders  with  the  steam,  and  secondly 
that  in  the  event  of  condensation  in  the  cylinders  themselves  the 
engine  should  be  equally  capable  of  working,  even  if  in  an  extreme 
case  the  cylinders  became  completely  full  of  water.  This  arrangement 
had  proved  quite  successful,  and  the  engine  could  in  fact  be  worked 
as  readily  by  water  pressure  as  by  steam. 

Mr.  r.  J.  Bkamwell  presumed  that  the  slide  valves  of  the  steam 
cylinders  were  made  with  very  httle  lap,  so  that  an  indicator  diagram 
taken  from  the  cylinder  would  show  a  square  figure,  without  the 
comers  being  rounded  off  at  all. 

Mr.  Gray  repHed  that  that  was  the  case,  the  sHde  valves  having 
only  just  so  much  lap  as  was  necessary  to  keep  them  steam-tight. 
For  ensuring  the  greatest  facility  for  escape  of  water  from  the 
cylinders,  a  clearance  of  f  inch  of  stroke  was  left  at  each  end  of  the 
cylinder,  having  abundant  area  of  opening  into  the  port  when  the 
piston  was  at  the  end  of  the  stroke.  With  these  arrangements  he 
had  felt  so  confident  of  no  difficulty  being  experienced  from  water 
in  the  cyhnders,  that  he  had  not  made  any  provision  of  escape 
valves  or  blow-ofi*  cocks  on  the  cylinders  ;  and  the  results  of 
working  had  shown  that  no  such  provision  was  requisite,  as  the 
engine  started  at  all  times  with  perfect  readiness,  however  long  it 
might  have  been  standing  with  steam  on. 

In  reference  to  the  suggestion  of  employing  a  steeriag  engine 
acting  by  means  of  a  Ruthven  propeller  and  also  aiding  in  the 
propulsion  of  a  ship,  he  thought  it  was  far  better  for  the  propelling 
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engines  to  be  available  for  steering  as  at  present  by  means  of  the 
ordinary  rudder ;  for  with,  the  rudder  turned  at  an  angle  to  the 
ship,  the  propelling  power  of  the  screw  or  paddles  became  effective 
in  altering  the  ship's  course.  Judging  from  the  trials  of  the 
Ruthven  reaction  propeller  in  the  Waterwitch,  he  believed  the  whole 
engine  power  of  that  vessel  would  be  altogether  inadequate  for 
steering  the  Grreat  Eastern,  if  the  steering  were  effected  by  means 
of  that  propeller  instead  of  by  the  present  rudder.  In  contriving 
the  steam  steering  gear  for  the  Great  Eastern,  much  unnecessary 
difficulty  had  been  encountered  from  the  stringent  stipulations  laid 
down  in  that  particular  instance;  but  now  that  the  success  of  the 
arrangements  had  been  so  satisfactorily  demonstrated  by  actual  trial, 
there  would  be  no  occasion  to  complicate  the  plan  in  any  future  case 
by  providing  for  contingencies  which  were  found  not  to  occur  in 
practice. 

Mr.  W.  Natlor  remarked  that,  as  a  rudder  had  no  effect  in 
turning  a  ship  except  when  in  motion,  an  experiment  had  been  tried 
some  years  ago  with  a  small  auxiliary  screw  for  steering,  carried 
upon  an  independent  shaft  at  the  stern,  and  so  arranged  that  it 
could  be  inclined  to  a  certain  extent  towards  either  side.  With 
this  plan  the  vessel  was  turned  round  in  either  direction  without  any 
forward  motion,  turning  upon  the  stem  as  a  pivot;  and  when 
propelled  by  the  main  screw,  there  was  found  to  be  no  difficulty  in 
turning  the  ship  in  one  direction  by  means  of  the  auxiliary  screw ; 
but  the  difficulty  was  to  get  her  round  in  the  opposite  direction,  on 
account  of  the  large  propeller  partly  counteracting  the  influence  of 
the  steering  screw.  A  single  screw  propeller  had  in  fact  a  constant 
tendency  to  turn  the  ship  round  towards  one  side  ;  and  this  side-way 
had  to  be  compensated  for  by  inclining  the  rudder  through  a 
corresponding  angle  towards  the  opposite  side,  in  order  to  keep  the 
ship  to  a  straight  course.  This  was  not  necessary  however  where 
there  were  twin  propelling  screws,  right  and  left  handed,  revolving  in 
contrary  directions.  He  had  witnessed  some  interesting  experiments 
in  Lowestoft  Harbour  with  screw  colliers  having  only  one  propeller, 
where  difficult  steering  to  get  out  of  the  harbour  had  been  satisfactorily 
accomphshed  by  reversing  the  screw  at  a  critical  moment,  causing 
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the  blade  of  the  propeller  to  drive  water  against  the  opposite  side  of 
the  stem  of  the  vessel,  thereby  increasing  the  action  of  the  rudder, 
and  enabhng  the  vessel  to  be  worked  out  in  safety.  Another  plan 
proposed  for  dispensing  with  the  rudder  in  vessels  with  a  single  screw 
propeller  consisted  in  employing  the  screw  propeller  itself  for  steering 
the  ship,  by  making  the  screw  shaft  with  a  universal  joint,  so  that 
the  screw  could  be  inclined  towards  either  side  to  point  straight  aft 
where  the  ship's  stern  was  coming  over  ;  but  he  did  not  know  what 
had  been  the  success  of  this  plan  upon  actual  trial. 

Mr.  Gkay  said  he  understood  a  plan  of  steering  by  means  of  the 
main  screw  itself  had  been  tried  in  a  vessel  of  the  royal  navy ; 
but  it  was  found  a  very  inefficient  mode  of  steering,  giving  such 
imperfect  control  over  the  course,  that  on  the  trial  trip  the  ship 
came  into  collision  with  another  vessel. 

Mr.  E.  A.  CowPER  considered  the  steam  steering  machinery  was 
certainly  very  ingenious,  particularly  the  arrangement  of  the 
equilibrium  valve  for  changing  the  steam  passages  into  exhaust  and 
the  exhaust  into  steam  ;  so  that  not  only  was  the  steam  shut  off 
or  put  on,  for  stopping  or  starting  the  engine,  but  also  the  engine  was 
reversed  to  run  in  either  direction  ;  and  all  this  w^as  effected  instantly, 
by  the  use  of  a  single  stop-valve  which  was  also  an  equilibrium 
valve.  He  quite  agreed  that  a  large  amount  of  power  was  necessary 
to  hold  a  rudder  well  over  for  bringing  a  vessel  round  quickly, 
particularly  the  long  sharp  steamers  now  built,  which  in  respect  to 
the  difficulty  of  turning  them  were  just  like  long  and  deep  balks  of 
timber  in  the  water.  In  fact  w^hen  the  rudder  was  inchned  at  an 
angle  of  about  40°  or  45°  to  the  ship's  course,  corresponding  to  the 
average  incHnation  of  the  blades  of  a  screw  propeller,  the  pressure 
per  square  inch  upon  the  rudder  was  not  much  less  than  the  mean 
pressure  upon  the  screw  blades  ;  because  the  lineal  velocity  of  the 
centre  of  gravity  of  each  blade  in  its  circle  of  revolution  was  not 
much  greater  at  ordinary  speeds  than  the  velocity  at  which  the 
rudder  was  dragged  through  the  water  by  the  forward  motion  of 
the  vessel.  He  did  not  see  how  the  same  effect  in  turning  the 
ship  could  be  produced  with  any  less  expenditure  of  power ;  and 
therefore  it  appeared  the  simplest  plan  to  apply  steam  power  direct 


284  STEAM    STEERING   ENGINE. 

to  the  rudder  itself,  in  a  maimer  sncli  as  tliat  described  in  the  paper, 
instead  of  attempting  to  substitute  for  the  rudder  any  of  the  other 
modes  of  steering  that  had  been  alluded  to.  The  remarkable  ease 
with  which  the  large  amount  of  power  necessary  for  working  the 
rudder  was  brought  to  bear,  by  the  simple  movement  of  an  equilibrium 
valve,  was  a  point  deserving  of  special  notice. 

Mr.  Gray  observed  that  the  opinion  just  expressed  as  to  the 
relative  amount  of  pressure  upon  the  rudder  of  a  vessel  and  upon 
the  blades  of  the  screw  propeller  was  confirmed  by  observations 
made  on  the  actual  working  of  screw  steamers  ;  and  there  was  a 
great  deal  more  total  pressure  upon  the  rudder  than  upon  the  screw. 
In  any  mode  of  steering  by  steam  power,  it  was  essential  that  there 
should  be  the  means  of  falling  back  upon  hand  steering  in  the  event 
of  any  accident  with  the  machinery  or  any  deficiency  in  the  supply 
of  steam  ;  just  as  with  regard  to  the  screw  and  paddle  engines, 
if  anything  occurred  to  interfere  with  their  working,  it  was  still 
possible  to  have  recourse  to  the  sails.  In  the  application  of  the 
steam  steering  gear  to  the  Great  Eastern,  this  condition  had  been 
met  by  so  arranging  the  new  apparatus  that  it  did  not  in  any  way 
interfere  with  the  previous  hand  steering  gear,  which  still  remained 
available  for  instant  use  at  any  moment  that  might  be  desired.  If 
the  steering  however  were  done  by  a  Ruthven  reaction  propeller  or 
a,ny  other  such  plan,  dispensing  with  the  rudder  altogether,  there 
would  be  no  means  whatever  of  steering  the  vessel  if  the  steam 
steering  gear  were  ever  out  of  order. 

With  regard  to  the  steering  of  steamers  in  general,  he  thought 
that,  so  long  as  the  present  very  inadequate  arrangement  continued 
of  steering  by  hand  labour,  the  law  regulating  the  navigation  of 
vessels  at  sea  was  mistaken  in  ordering  that  steamers  should  in 
every  case  keep  out  of  the  way  of  sailing  vessels ;  and  he  considered 
the  contrary  regulation  would  often  be  more  easily  complied  with. 
For  in  a  sailing  ship,  not  only  was  the  speed  generally  much  less, 
but  there  were  also  great  facilities  for  changing  the  tack  readily,  by 
making  the  wind  come  to  the  aid  of  the  rudder  for  bringing  the  ship 
round.  In  a  steamer  on  the  contrary  the  whole  turning  effect  had  to 
be  produced  by  the  rudder  alone  ;  and  when  it  Avas  considered  that 
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many  steamers  of  3000  tons  now  attained  a  speed  of  16  miles  an 
hour,  wliich  was  nearly  the  speed  of  a  heavy  goods  train,  it  was  clear 
that  the  power  of  two  or  three  men  at  the  wheel  was  quite  insufficient 
for  changing  the  vessel's  course  in  time  to  avoid  a  collision  in  every 
case.  Even  a  sailing  vessel  with  its  sails  up  had  therefore  better  means 
of  getting  out  of  the  way  than  a  steamer.  He  had  been  informed 
by  the  captain  of  a  steamer  that  many  cases  of  collision  had  been 
occasioned  by  the  circumstance  of  a  sailing  ship  being  suddenly 
descried  in  the  course  of  a  steamer  on  a  dark  night ;  and  so  much 
power  was  required  for  getting  the  rudder  over  quickly,  that  all  the 
men  on  the  look-out  in  the  steamer  had  to  run  and  help  at  the 
wheel ;  and  no  one  being  left  to  look  out,  a  collision  was  liable  to 
take  place.  So  long  therefore  as  the  present  law  prevailed  on  this 
point,  he  thought  that  an  additional  regulation  ought  also  to  be 
made,  requiring  that  every  steamer  should  be  provided  with  sufficient 
steering  power  for  enabling  its  course  to  be  changed  to  a  given  extent 
in  a  stated  length  of  time. 

Mr.  F.  J.  Bkamwell  enquired  whether  it  was  found,  in  steerino* 
a  steamer  with  twin  screws  by  reversing  one  of  the  screws,  that  the 
vessel  could  be  brought  round  more  efficiently  than  with  a  rudder. 
With  the  twin  screws  he  presumed  the  effect  would  be  to  make  the 
vessel  pivot  upon  its  centre,  whereas  with  the  rudder  it  was  of  course 
working  forwards  in  a  circle. 

Mr.  Gray  replied  that  the  ship's  course  was  found  to  be  changed 
at  least  twice  as  rapidly  with  an  ordinary  rudder  as  by  working  with 
twin  screws  and  one  reversed.  In  the  latter  case,  the  ship  being 
pivotted  upon  its  centre,  both  the  prow  and  the  stern  were  being 
moved  round  laterally  through  the  water  at  the  same  time ;  but 
even  in  a  vessel  of  300  feet  length  the  two  screws  could  not  be 
placed  much  more  than  about  22  feet  apart,  giving  only  11  feet 
leverage  to  each  screw  for  turning  the  ship,  against  the  lateral 
resistance  of  the  water  acting  at  a  leverage  of  75  feet. 

Mr.  C.  W.  Siemens  had  no  doubt  that  when  a  vessel  was  going 
at  full  speed,  with  room  enough  to  describe  a  circle  of  considerable 
size,  the  rudder  was  far  more  powerful  in  altering  the  course  than  a 
reaction  propeller  would  be ;  but  the  case  in  which  he  thought  the 


286  STEAM    STEERING   ENGINE. 

latter  would  have  a  decided  advantage  was  where  a  ship  had  to  work 
through  a  narrow  passage  and  turn  a  sharp  corner,  as  in  entering  a 
dock,  when  of  course  it  would  have  so  little  headway  that  the  rudder 
would  produce  very  slight  effect  in  bringing  it  round  ;  under  such 
circumstances  a  reaction  propeller  acting  obliquely  at  the  stern 
would  be  very  eflfective.  In  regard  to  the  great  force  necessary 
for  putting  a  rudder  over  to  either  side  when  the  vessel  was  moving 
at  full  speed,  another  consideration  bearing  upon  this  point  was  that 
the  long  straight  keel,  presenting  a  large  extent  of  vertical  surface 
to  the  water  on  each  side,  offered  a  corresponding  resistance  to  any 
endeavour  to  change  the  ship's  course  in  either  direction  from  the 
straight  line  ;  it  was  itself  in  fact  a  powerful  rudder  trying  to  keep 
the  ship  in  a  straight  course,  and  required  therefore  a  superior  force 
to  alter  the  course  by  means  of  the  rudder.  On  this  account  he 
fully  concurred  in  the  importance  of  mechanical  steering  with 
adequate  power,  in  place  of  the  present  defective  hand  steering. 

With  regard  to  the  regulation  requiring  steamers  to  keep  out  of 
the  way  of  sailing  vessels,  he  did  not  think  it  desirable  that  any 
alteration  should  be  made,  such  as  had  been  suggested ;  because  it 
was  only  when  there  was  sufficient  wind  that  a  sailing  vessel  could 
alter  its  course  with  greater  facility  than  a  steamer,  and  the  loss  of 
way  would  be  a  serious  inconvenience  in  the  case  of  a  ship  tacking 
against  a  contrary  wind ;  whereas  a  steamer,  even  though  less  speedily 
brought  round,  had  always  the  means  of  altering  its  course,  without 
much  inconvenience. 

Mr.  Y.  J.  Bramwell  enquired  whether  the  rudder  of  the  Great 
Eastern,  to  which  the  new  steam  steering  gear  was  apphed,  was  a 
balanced  rudder  or  a  common  rudder. 

Mr.  Gray  replied  that  it  was  a  common  rudder,  not  balanced  ; 
but  the  control  was  so  easy  with  the  steam  steering  gear  that  the 
rudder  could  be  put  about  by  the  pressure  of  only  a  finger  upon  the 
vsteering  wheel  at  the  bridge.  In  reference  to  steering  a  vessel 
without  headway,  it  should  be  observed  that  the  steam  steering  gear 
gave  the  means  of  accomplishing  this  with  the  greatest  facility,  as  it 
was  only  necessary  to  reverse  the  screw  or  paddles,  and  make  a  few 
strokes  ahead  and  astern  alternately,  putting  over  the  rudder  at  the 
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same  time  alternately  from  one  side  to  the  other  ;  and  witli  the  steam 
gear  this  was  done  even  more  rapidly  than  the  propelling  engines 
could  be  reversed. 

;Mr.  F.  J.  Bramwell  observed  that  one  important  advantage 
deserving  of  special  notice  in  the  steam  steering  gear  was  the  fact 
that,  when  the  rudder  was  put  over  into  any  required  position,  it  was 
held  there  by  a  self-acting  steam  break,  without  the  necessity  for  any 
fui'ther  attention  or  exertion  on  the  part  of  the  helmsman.  For 
although  the  rudder  yielded  in  either  direction  under  an  excessive 
strain  produced  by  the  force  of  the  waves,  it  was  brought  back  again 
to  the  original  position  the  instant  the  strain  ceased  ;  and  this  was 
accomplished  entirely  by  the  self-acting  differential  screw  controlling 
the  steam  stop-valve,  which  he  considered  a  most  ingenious  and 
effective  contrivance,  the  steam  being  thereby  admitted  to  either 
side  of  the  pistons  according  to  the  direction  of  the  pressure  upon 
the  rudder. 

Mr.  Gray  remarked  that,  even  in  the  case  of  backing  the  ship 
against  a  quay,  the  rudder  would  give  way  without  injury,  and 
without  moving  the  hand  steering  wheel  at  the  bridge  ;  but  the 
moment  the  ship  was  released,  the  rudder  would  spring  back  to  the 
position  in  which  it  was  originally  placed  by  the  steersman. 

Mr.  F.  J.  Bramwell  thought  the  whole  scheme  of  the  steam 
steering  gear  would  have  seemed  at  first  almost  impracticable, 
considering  the  number  of  requirements  to  be  met ;  but  it  had  now 
been  proved  to  be  eminently  practicable,  having  been  carried  out 
with  so  much  success  upon  the  largest  ship  in  the  world.  He  proposed 
a  vote  of  thanks  to  Mr.  Gray  for  his  paper,  which  was  passed. 


The  Meeting  then  terminated. 
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